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THE ANT PRENOLEPIS IMPARIS SAY.* 

Wiliiam Morion Wiilelfr, 

Harvard University. 

To the myrmccologist the ants that belong to the ancient 
preglacial circumpolar fauna are of unusual interest, and 
among these none is more deserving of study than the small, 
shining, brown or yellowish Prenolepis imparis, because it is 
almost indistinguishable from P. hensihei Mayr, a species that 
flourished in the amber forests of the Lower Oligocene Tertiary 
of northern Europe. In addition to its great antiquity and its 
extraordinary morphological stability throughout postoligocene 
time, P. imparis also exhibits certain behavioristic peculiar- 
ities which have not been sufficiently emphazied in the literature. 

A. Distribution and Ethology of P. imparis. 

As redefined by Emery in 100(1, the genus Prenolepis 
contains only eight described species, namely amminata Forel 
of Mexico, gibberosa Roger of Cuba, imparis Say of North 
America, jerdoni Emery of Indomalaya, melanogaster Emery of 
Upper Burma and Indochina, n ileus Mayr of Europe, nao*oji 
Forel of Hindoustan and the above-mentioned fossil species 
henschci of the Baltic amber. This list, however, will have to 
be reduced because acuminata is very probably a Paratrechina 
and not a Prenolepis, and nitens, as I shall show, is a mere 
variety of imparis. Furthermore, imparis itself is scarcely 
more than a variety of the extinct henschei. At any rate, the 
neotropical and paleotropical species gibberosa, jerdoni, melano- 
gaster and naoroji are quite different from the group com- 

•Contributions from the Entomological Laboratory of the Bussey Institution, 
Harvard University, No. 319. 
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prising the very closely interrelated imparis, nitens and henschei. 
Of course, the wide and discontinuous distribution of its various 
species is an argument in favor of the great age of the genus 
Prenolepis, which may actually have had its origin during the 
Eocene or Cretaceous. 

Say described P. imparis (“ Formica imparis”) as long ago 
as 18:15 from male and female specimens taken in copula in 
Indiana. The specific name obviously refers to “the great 
disparity in color and magnitude between the male and female.” 
Mayr described nitens in 1852 as a Tapinoma, but in 1861 made 
it the type of his genus Prenolepis. Opinions on the status 
of this form have varied. Dalla Torre (1893) and Ruzsky (1905) 
regarded it as a variety, and Emery (1910) as a subspecies of 
imparis, but in 1910 he raised it to specific rank, citing as 
his reasons the circumscribed geographical range of nitens, the 
stouter body and shorter appendages of its worker and the more 
heavily infuscated wings of its sexual forms, as compared with 
imparis. He was unable to detect any noticeable differences 
in the male genitalia. 

P. nitens is confined to a limited area (shown in the map 
Fig. 1 B), as will be seen from the following data: Mayr records 
it from Tyrol, Carinthia, Transylvania and Dalmatia; Roger 
from Croatia, northern Turkey and Constantinople; Forelfrom 
Herzegovina, Albania, Cattaro, Corfu, Attica in Greece, Lesbos 
and Bulgar Dagh, in Asia Minor; Santschi from Roumania and 
Ruzsky from the western Caucasus and the Black Sea district. 
It just enters Italy at the head of the Adriatic, occurring, 
according to Emery at Palmanova. More recently Finzi has 
found it near Trieste in Venezia Julia and on the island of 
Cherso, off the Dalmatian Coast. It would seem, however, 
that P. nitens must be a rather rare or sporadic ant, because its 
citation in recent lists of Formicidae from the Caucasus, Balkan 
Peninsula and Asia Minor is very infrequent. In some of the 
older literature it is recorded as occurring in a few localities in 
western Europe. In 1855 F. Smith described an ant as Tapi- 
noma polita, later regarded as a synonym of P. nitens, from a 
single worker specimen captured at Bournemouth, England, 
and Bingham (1906) recorded nitens as living in the tropical 
fern house of the Kew Botanic Gardens. According to Bos 
(1887) both von Vollenhoven and Ritsema recorded this ant 
from the Leyden Botanical Garden. Donisthorpe (1908) 
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could no longer find it at Kew and Blote (1924) failed to find it 
in Leyden. It was obviously introduced into both botanical 
gardens with plants or soil, and it is now impossible to state 
whether the form was really nitens from Eastern Europe or the 
typical imparts from North America. The workers of the two 
'orms are so similar that even an expert myrmecologist might 
fail to distinguish them. I possess three workers and three 



Fig 1 Distribution of Prenolepis. A, P. henschet Mayr of the Baltic amber; 

B, P. imparts var. nitens Mayr; C, P. imparts sens, str and its North 

American varieties 

males of the typical nitens from Lesina, Dalmatia, received 
many years ago from G. Mayr. The workers are indistinguish 
able from dark forms of imparis from the Atlantic states and 
though the wings of the males are somewhat darker than in 
most forms of imparis, there are western varieties with wings 
of the same color as nitens. The present circumscribed or 
discontinuous distribution of the latter is no reason for regarding 
it as a distinct species, since the same argument would require 
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us to regard the North American and Eurasian forms of Camp - 
onotus herculeanus , C. caryce , Formica sanguinea , F. fusca, Lcpto- 
thorax acervorum etc. as distinct species. In the case of P. 
im paris and nitens the discontinuity of distribution is merely 
greater. 

A study of the American specimens of P. imparis that 
have been accumulating for many years in my collection, 
shows a remarkably wide distribution, covering nearly the 
whole of the United States, at least a portion of Ontario and the 
highlands of Mexico as far south as the states of Vera Cruz and 
Colima. In general, therefore, the range of the species in 
North America extends from lat. 19° to about 4()°. Emery 
(1893) distinguished three forms of imparis: the type, a var. 
testacea and a var. minuta , and I have described in the sequel 
six additional varieties- pumila , californica , arizonica , colo- 
radensis , veracruzensis and colimana. All of these and Emery’s 
varieties are based on rather feeble and elusive characters and 
are in part connected by intermediate forms, so that the species 
as a whole may be said to exhibit little morphological variation 
though it is sufficiently unstable in such characters as stature, 
pilosity, and color to permit recognition of certain feebly 
differentiated geographical forms (subraees). 

Verv little is known concerning the habits of the var. 
nitens . Finzi (1921) found it to be rather common in certain 
localities under stones in very moist places. The American 
forms, according to my observations, very rarely nest under 
stones, but make obscure crater nests, usually with a single 
small orifice, in shady places.* The typical imparis prefers 
moist, clayey soil, the var. testacea sandy soil or pure sand. 
The nests occur so frequently near oaks, even if they belong to 
our dwarf “scrub” species, that one suspects some definite 
association between the ants and these plants. Moreover, 
the general range of imparis and the oaks in North America is 
nearly conterminous, though the latter extend somewhat farther 
south (to Gautemala) and somewhat farther north (to Nova 
Scotia). Yet even within its general range imparis seems to 
be lacking over considerable areas, especially in the Rocky 
Mountain region. Much more intensive observation in the 
field will be required before its precise ecological distribution 

*Dr. A. H. Sturtevant has recently informed me that the variety described 
below as californica regularly nests under stones. 
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can be determined This is difficult, because the ant is very 
timid and retiring and perhaps to some extent crepuscular 
or even nocturnal At least it seems to avoid the open sun- 
light and to be most active in the shade and on cool or cloudy 
days I have found the young dealated queens, which closely 
resemble those of Lasius niger, founding independent incipient 
colonies m small chambers m the soil 



F 2 Distribution ot the specie s of I iom< topum \ 1 r// s unman W li cTcr 
of the Baltic itnlxt B L mu rot i phalum P^n/t r C J linden niT orcl, 
D / w must Wheeler E I)isti lbulion of I apunlalum M^\r mel out 
doiiale Linen coxcring the ne i of the fossil sj us I mi tmeum 
Cirpenter md s tuddtn C irpentci in the Miocene el Coloiaelo 


The food of P impetus consists ot liquid eqieoall} the 
‘ honey-dew” of aphids and coccids, the nectir of flowers and 
extrtfloral nectaries, the exudates of living oak-galls the 
■juk es ot dead earthworms md those derived from the } oung 
tissues of plants These vanous liquids are imbibed in such 
quantities by the foraging woikcrs that their gaster become 
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greatly distended (Fig. 3) and make their gait very unsteady. 
In this condition they are really “repletes” like those of the 
true honey -ants of the Southwestern States and Mexico ( Myr - 
mecocystus melliger and mexicanus). The feeding of imparis 
(var. californica ) on young plant-tissues has been recently 
called to my attention by Mr. H. M. Armitage and indicates 
that these small timid ants may become of some economic 
importance. He writes me that in Los Angeles County, 
Cal., they “were observed feeding extensively not only on the 
calyx and unopened petals of fruit buds of oranges, but also 
on the tender new growth. This condition was credited to the 
fact that the ants become active before the normal citrus 
bloom and at a time when little natural feeding was available.” 
Mr. A. C. Burrill has recently made very interesting observations 
on the feeding habits of imparis and its singular resistance to 
cold in the Arnold Arboretum at Forest Hills, Mass., and in 
Missouri, and permits me to quote some of his unpublished 
notes : 

“I was led to make continuous observations on P. imparis 
after casually noticing that it appeared at the surface of the 
soil later in the fall and earlier in the spring than any of our 
other ants. During the rather 'warm winter of 1927-2S I 
selected for daily observation a nest with two entrances in the 
Arnold Arboretum. The workers were observed to come out 
onto the surface of the soil nearly every week throughout the 
winter. The lowest temperatures recorded when the ant came 
out were on February 0, 1928, when the temperature in the 
early morning was 0° F. (26° below freezing). At noon, less 
than eight hours later, a worker appeared at the surface though 
the soil was still frozen. On February 2o a worker passed 
from one entrance to the other with a sharp wind blowing at 
27° F., as recorded by a tested thermometer at one inch above 
the ground. The sun, however, induced a thaw, so that the 
temperature of the ground was really 33.5° F. Tests with 
honey enticed more of the workers out of doors till the surface 
cold had fallen to 30° F, when the surface of the soil was frozen 
and the ants brushed against hoarfrost around their entryway. 
Honey does not freeze at such a temperature and ants can 
still lap it up slowly. 

“On cool, humid middays below 60° F. workers may remain 
active above ground all day, but seldom stay in the bright 
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sun or on dry soil. They are at their best during or after 
cold rains, or a cold, humid period with overcast skies They 
were most active outdoors between 35° and 55° F. all winter, 
but they occasionally crawled over the soil below 30° F. or above 
60° F. One case of great activity occurred when a colony 
moved to a new site during a drizzle and kept excavating the 
new nest down into the subsoil with air-temperature about 
60° F. 

“For about five months these ants lived on dead or dying 
earthworms driven above ground by rains. If other food was 



Fig. 3 Prenolepis imparts Say a, worker in ordinary condition, b, same 
in the 4 ‘replete” condition. 

available besides honey-dew or honey that had been stored in 
the crops of the repletes during the fall, I failed to discover 
it. I often saw imparis leave an earthworm that had been 
dried up by the sun and return to it as soon as another rain had 
soaked it up again. 

“Similar observations were made in regard to the winter 
activities of imparis at Jefferson City, Mo , during the winter 
of 1928-29. The ants were nesting in trodden, clayey, poorly 
drained loess soil. The workers wci e excavating December 
14, 15 and 10, which were followed by a heavy freeze-up 
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Mr. Burrill’s observations show that the ants do very little 
excavating during the winter but that this sets in suddenly a 
few days before the nuptial flight. This, as I have frequently 
noticed, takes place as early as the latter fortnight of March 
or the first fortnight of April. That the period must be much 
the same for the different varieties and over a considerable 
portion of the United States is indicated by the following 
dates of nuptial flights recorded in my notebooks, on the labels 
of mounted males and winged females or in the literature: 

P. imparts (typical). Forest Hills, Mass., March 15 and 25; April 4, 5 and 6; 

Bridgetown, N. J., March 28; Albany, N. Y., March; Wauwatosa, Wis., April 

20; Jefferson City, Mo., March 19, 20 and 21 ; Lawrence and Riley Co., Kansas, 

March, April 2. 

var testacea. Bronxvillc, N. Y., April 10; Plummer’s Island, Maryland, April 12. 
var. minuta. District of Columbia, April; Cape May, N. Y., March 24. 
var. cat if or nit a . Stanford University, Cal , Jan. 80, Feb. 23, and March 19. 

The winged sexes that participate in the nuptial flights 
mature during the late summer of the previous year and are 
retained in the nests over winter. I have found males and 
winged females of the var. testacea at Lakehurst, N. J. in the 
nests on September 24. This retention of the sexual phases 
over winter occurs in a few of our other northern ants, e. g. 
in the various varieties of Camponotus herculcanus and of C. 
cary(C , but in these cases the flight is later, usually in May or 
June, or even in July. The very early flight of im par is was 
first observed in Indiana by Say., who says: “They appeared 
in great numbers on the 2nd of April; the males swarmed around 
small bushes, alighting on the branches and leaves. The 
females were few.” I have seen such flights of the males about 
the Japanese barberry bushes in the Arnold Arboretum on fine 
days in late March and early April. The males dance up and 
down in rather compact swarms like the late summer swarms 
of male bees of the genus Chloralictus.* 

*The date and form of the marriage flight in ants are really specific characters 
and are clearfy adaptations to the ecological conditions. Kusnczov-Ugamsky 
(1927, 1929) has called attention to certain peculiarities in the flights of ants in the 
deserts of Turkestan. He finds that they are very unfavorable to the flights at 
certain seasons, especially during the summer, probably, I surmise (I cannot read 
the Russian text), because the soil is then too dry and hot and the young recently 
fecundated queens are unable to dig deeply into it, or because the winds are too 
severe and make mating difficult. The species of Messor (rnfus and barbatus), 
which are completely adapted to a desert life, therefore have their flights in the 
early spring (March and beginning of April), after overwintering the males and 
females in the nest. In the exquisitely desertieolous species of Cataglyphis the 
marriage flight has been suporessed. The females leave the nests singly and run 



1930 ] 


Wheeler: The Ant Prenolepis 


9 


Both Burrill’s observations on its activity during the 
winter months and those on its very early nuptial flight indicate 
that P. imparts may be regarded as negatively thermotropic, 
or adapted to cold, unlike our other ants which are distinctly 
thermophilous, or thermotropic.! This is also indicated by the 
nesting habits of imparts. There are numerous observations 
on the hibernation of some of the more common ants of the 
north temperate zone. The behavior of most of them during 
the cold months is like that recently described by TIolmquist 
(192K) in his study of Formica ulkei in northern Illinois. He 
found in this species that the activity of the workers at the 
surface of the nest declined gradually from September 10 to 
November 1, after which date they remained dormant in 
clusters in their galleries below the frost line. On April 2, 
as soon as the frost had disappeared from the ground they 
gradually revived and returned to the surface but it was not 
till May 14 that the hibernation aggregations had completely 
broken up. “The hibernation period of this species was a 
prolonged one (o to S months). The winter of 1924-23 was not 
unusually long for the Chicago region, and it is assumed that 


about or skip nimbh over the surface of the soil with the aid o! their wings like 
Pompihd wasps. I have also observed this peculiar behavior of Catnglvphis 
■ peeies in June and Jul\ in the desert regions of Morocco and Southern Spain. 
Kusne/ov-Ugamskv believes that the absence from the deserts of Turkestan ot 
whole genera, such as Formica, Lasius and Myrmiea, is due to the fact that their 
species have stabilized their tlight for midsummer and it is precisely at this season 
that the desert otters the most unfavorable conditions. M\ observations on the 
ant«- of our Southwestern deserts do not agree with Kusnezov-Ugamsky’s interpre- 
tation, except in the cast* ol Veromessor, which is very closely related to the Old 
World Messor. 1 havt found mam males and winged females in the nests of 
I . perynuin as earlv as M, eh 0 and April 20, so that they must winter o^er and 
ll\ in the spring, but the sexual forms of A' ovomessor c ockcrcU i and albo.seloMi.s do not 
develop until early June. Various species of Pogotiomyrmex have their marriage 
(lights from June to August in the deserts of Texas, Arizona and California, and T 
have described (1017) those of Morllerms versicolor and the nesthmnding ot recently 
1 eeundc.it ed queens of Myrmec ocystus melh^er nnmuus in the Arizona desert on 
Jul\ 30. This was just after a cloudburst, howe\er, wTien the soil was very damp 
and the air wa« <. lear and still. 1 believe that the conditions for summer marriage 
ibghts of ants, ow'ing to occasional rains at that season, must be much more favor- 
able in our American deserts than m those of Turkestan. 

■jThe number of insects that remain active out of doors at low temperatures 
during the late fall, winter and early spring has been underestimated. Prison 
(1927) has called attention to this in his valuable paper on the fall and winter 
stonetbes (Plecoptera). It is significant that these as well as the more famous 
species of Borens and Chionea and Desotia glaiialis, the “glacier Ilea,’’ all belong 
to very primitive groups. Miss N. Ford (1926) has called attention to the resistance 
to cold of Gryllohlatta campodciformis , another ancient form: “If placed m a large 
vessel containing pieces of ice the insects k< i p dost* to the ice, on it or under it, 
and as the ice melts, forming miniature streams, the Grylloblaaa* readily wade 
them.’’ 
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this period is normal for this species. As compared with the 
hibernation period of most insects it is a long one.” Steiner 
(1925) has shown that the temperature of dormant, hibernating 
aggregations of Formica rufa and Lasius niger in Switzerland is 
essentially that of the surrounding soil. In a later paper (1929) 
he demonstrates that while in bees and to a less extent in social 
wasps the nest-temperature is determined by the physiological, 
or body heat produced by the insects themselves, this is not 
the case in F. rufa and exsecta, but depends on the structure 
of the nest as an arrangement for securing and conserving the 
physical heat, or that due to diurnal insolation. The latter 
even in mound nests, like those of rufa, is retained only during 
a portion of the night, whereas in nests that are merely mined 
in the soil (crater nests), the heat of insolation is lost at nightfall. 

These facts lead to a consideration of the differences between 
mined, or crater nests and those excavated in the soil under 
stones, and suggest that the exclusive occupation of crater 
nests in moist, poorly drained soil in the shade may be regarded 
as a further indication of the negative, thermotropism of P. 
imparis. I have already mentioned the fact that this ant, 
in Eastern North America, almost never lives in nests under 
stones. Now the great majority of temperate region ants 
live either in crater nests or in the soil under stones and the 
prevalence of one or the other according to temperature and 
humidity presents an interesting and complicated ecological 
problem. In the desert regions of Africa, Asia, North America 
and Australia the crater nest is the common and often the 
only type of nest observed (see also Kusnezov-Ugamsky 1925). 
In such regions there is no need to conserve the heat of insolation 
in the nests. The soil temperature, in fact, is often too high 
for the comfort of the ants, so that they suspend all activities 
at the surface, remain in the depths of their galleries during the 
hottest hours of the day and forage only in the cool of the morn- 
ing or evening or at night. 

Forel (1874) was, I believe, the first to call attention to the 
great prevalence of nests under stones at high elevations in 
the mountains and his observations have been confirmed by 
Steiner (1929), who has given a careful analysis of this type of 
nidification. Stones that are not too small are very advantage- 
ous at high altitudes because they protect the nest from wind 
and other inclemencies of the weather, the too rapid evaporation 
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of moisture from the soil beneath them and above all, because 
they are rapidly heated by the sun and transmit their heat 
to the surface galleries. They have the disadvantage, however, 
compared with the mounds of vegetable debris accumulated by 
such ants as Formica rufa } exsecta , etc. in losing their heat 
rapidly by radiation after nightfall. Nevertheless, nests under 
stones are very common also in rather dry climates even at 
low altitudes, as in many parts of the United States Indeed, 
many of the common circumpolar species nest in this country 
under stones, though the same or closely allied forms in Central 
Europe, where the soil and atmospheric humidity is greater, 
prefer to construct small mound nests or those with at least 
some accumulation of earth or debris over the excavated 
galleries to act as capturers and storers of the feebler heat of 
insolation and thus serve as incubators for the brood during the 
early summer months. Quite a number of ants, however, nest 
under stones in the shade of woods, thickets, etc. Some of our 
species, like those of the genera Ponera, Stigmatomma, Mvr- 
mecina, Stenamma, Aphaenogaster, Brachymyrmex, all Aean- 
thomyops and some Lasius, require only moderate varmth and 
the shaded stones probably take up from the air and transmit 
to the soil sufficient heat during the breeding season. These 
ants, however, seem to demand a greater or more equable soil 
moisture than those which nest under stones exposed to the sun. 
I have introduced this digression as tending to throw the 
singularity of P. imparts into stronger relief, since this ant, 
as a rule, merely mines its nests rather deeply into damp, 
shaded soil and fails to take advantage even of the slight heat- 
storage of the stones that are often found in its immediate 
environment. 

Besides its cryophily, or negative thermotropism there are 
two other negative peculiarities of P. imparis worth mentioning. 
One is its failure to keep root aphids or coccids in its nests, 
like the species of Lasius, Acanthomyops and Brachymyrmex 
so common in the same situations. This may seem surprising, 
because imparis is so fond of honey-dew, till we consider that 
the habit of keeping root Homoptera is probably amply com- 
pensated by its ability to develop repletes capable of storing 
large quantities of liquid food. It is not so easy to account 
for the fact that the nests of an ant so defenceless and so 
addicted to feeding by regurgitation, contain no guests or 
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myrmecophiles. At least there is no record of such an occur- 
rence, though im paris is very common in the Atlantic States 
where coleopterists and other entomologists have long been 
searching the nests of our various Formiekkc for myrmeco- 
philes. In this connection the occurrence of pseudogynes in 
Prenolepis is interesting. In 1914 I described two pseudogynes 
of P. henschei from the Baltic Amber and more recently have 
found one of P. imparis var. testacea among some workers from 
Georgia. Though apparently very rare, the occurrence of such 
pathological stages between female and worker are worthy of 
note, because their presence can hardly be attributed to the 
infestation of the colony with larva-devouring wSymphilcs, as 
in the case of the famous pseudogynes of Formica sanguined. 

If it be true, as I believe, that the American and Eurasian 
forms of P. imparis are scarcely more than varieties of the 
Upper Oligoeene henschei , we may suppose that the latter had 
a wide circumpolar distribution during the Early and Middle 
Tertiary and that the living forms represent the remnants of 
that fauna after its southward displacement by the Pliocene 
glaciation. This is also Emery’s opinion (1920). lie accounts 
for the present distribution of the var. miens on the supposition 
that it was exterminated north of the Alps, which formed a 
barrier to its southward migration in western Europe, but 
managed to survive in the southeast by escaping through the 
gap between the Balkan Alps and the Caucasus. P. nitens is 
therefore a glacial relict which, after the return of a milder 
climate, has spread over the limited area it now occupies. 
In North America, on the other hand, the north-south trend 
of the mountain ranges permitted a more extensive southward 
migration, survival and subsequent partial northward reoccu- 
pation of the original territory of the species. Not improbably, 
how'ever, imparis in North America may have actually suffered 
very little displacement beyond the southern border of the 
ice-sheet. In this connection the ant’s negative thermotropism 
might be supposed to have been acquired during the Glacial 
Epoch, but there seems to be another way of accounting for 
this resistance to cold, as I shall suggest in the sequel. 

Emery has called attention to the resemblance of the 
present distribution of P. imparis to that of the ants of the 
Dolichoderine genus Liometopum. This is shown in the 
accompanying maps (Fig. 1 and 2). In the Old World the 
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genus comprises two fossil and three extant species. In 1914 
I described one of the former, L. oligocenicum , from the Baltic- 
amber, and Mavr (1H(>7) had previously described the other, 
L. antiquum , from the Radoboj-shales of Lower Miocene age.* 
The three living Old World species comprise, first, the well- 
known L. microcephalmn Panzer, which covers the range of 
P. imparis var. nitens but has a wider distribution, extending 
to Italy and Sicily, Southern Russia, the Eastern Caucasus 
and Turkestan and therefore occupying a territory enclosing 
the Adriatic, Black, Caspian and Aral Seas; second, L. lind- 
grecni Porel, inhabiting Assam and, according to Bingham, 
also Upper Burma; and third, L. sincnse Wheeler, which seems 
to be widely distributed in Southern China. In North America 
there arc three species, two fossil, namely miocenicum and 
scudderi, both recently described bv Carpenter (1930) from 
the Miocene shale* of Florissant, Colorado, and two living 
specie's, L. occidcniale Emery of California and Oregon and 
L. apiculatum Mayr, with several subspecies, in part still 
undescribed, and ranging over the warmer lower slopes of the 
mountains from Southern Alberta to the State of Colima in 
Mexico, but not east of the hundredth meridian in the United 
States. The species of Liometopum are so closely interrelated 
that a conservative “lumper” might regard them all as varieties 
of a single species. Comparison of the two maps (Figs. 1 and 2) 
shows that the species of Liometopum, though discontinuous in 
their individual ranges, together occupy a much more extensive 
territory than the varieties of imparis. It will be seen also 
that the Liometopums are confined to xerothcrmal mountain 
areas. They are e 1 en more conspicuously associated with 
oaks than imparis, and build large, finely trabecular, carton 
nests in the cavities of their trunks. The colonics are very 
populous and aggressive, though frequently, at ’east in North 
America, harboring numerous Staphylinid myrmecophiles 
( Apteronina schmitt i Wasm. and Dinardilla liometopi Wasm.). 
The velvety, strong-smelling workers forage in dense files on 
the vegetation where they secure honey-dew and miscellaneous 
insect food. For a more detailed account of the habits of 

*1 doubt the generic identification of this ant . The type is a female, descri >ed 
as only 5 mm. long, whereas this sex in all the other species is much larger. More- 
over, the workers of the still older oligocenicum are as large as those of the living 
species. I regard two other described fossil species from Radoboj, imhoffi Heer 
and schmidti Heer, as even less probably referable to the genus Liometopum. 
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L. microcephalum the reader may be referred to the papers of 
Emery (1891) and Forel (1892) and for observations on L. 
apiculatum and occidental e to one of my early papers (1905). 

While we may assume that the earliest known ancestors 
of both P. imparis and Liometopum are represented by P. 
henschei and L. oligocenicum respectively of the Baltic amber, 
it does not necessarily follow that the latter belonged to the 
same geological age. We have long known that among the 
amber insects there are two distinct faunal components, one 
closely related to our present circumpolar, north temperate 
species, the other more closely related to the tropical or sub- 
tropical species of the Indomalayan and Australian Regions. 
It has been assumed, therefore, either that the formation of 
the amber must have covered a long period with two different, 
successive climates, or that the specimens represent a mixture 
of contemporary forms which, however, actually lived at very 
different altitudes. That the ancient Samland was moun- 
tainous is indicated by Ulmer’s study of the amber caddice- 
flies, which belong partly to modern genera whose larvae live 
in torrential waters and partly to those whose larvae inhabit 
sluggish streams or pools. A palaeobotanist, Professor E. W. 
Berry (1927), has recently expressed himself as follows on the 
climatic conditions in which the amber forests flourished: “As 1 
picture the amber forests from the evidence of the plants my 
picture agrees fairly well with that which modern authorities 
derive from a study of the insects, namely that we have a mixture 
of forms whose existing relatives still live at the same latitude 
with others whose relatives now live in warmer climes. Cer- 
tainly, the climate was temperate and not in any sense tropical. 
This is clearly indicated by the abundance and variety of 
coniferous trees, as well as by the northern element in the 
insect faunas; but among them we find representatives of a 
number of warm temperate types, and I think we are justified 
in concluding that the climate was much more genial, and the 
floras and faunas much more extensive and varied than in the 
Samland of the present time.” 

The more southern distribution of both P. imparis and 
Liometopum at the present time as compared with their dis- 
tribution during the Lower Oligocene not only confirms Berry’s 
description of the Samland climate but also suggests that their 
range during the earlier Tertiary (Eocene and Paleocene) 
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may have extended to an even higher latitude, where the climate 
was like that of Western Greenland as indicated by the studies 
of vSeward (1927), who describes from that region Cretaceous 
remains of coniferous and quercine trees, if not of actual oaks. 
If Prenolepis and Liometopum were components of such a 
polar ant-fauna we can easily account for the present dis- 
tribution of the two genera in both hemispheres. The resist- 
ance to cold on the part of P. imparts , therefore, may have 
been acquired during its long and very gradual southward 
displacement before the glacial period. The more xerothermal 
Liometopum is not improbably an older, Cretaceous genus 
which had reached its present habitat in Early Miocene times. 
The northern portion of the range of the New World species, 
apiculatum , w r as probably annexed after the recession of the 
glaciers. 


B. Taxonomy of P. im paris. 

As previously stated, this ant is so constant morphologically 
that it seems inadvisable to aSwSign more than varietal, or sub- 
racial status to any of the forms that can be recognized among 
the materials in my collection. I therefore redescribe all three 
phases of the typical imparis and subjoin brief descriptions of 
the nine varieties, which in part at least, represent incipient 
geographical races. More material, especially from the Rocky 
Mountain states and northern Mexico, will probably reveal the 
existence of several additional varieties. 


Prenolepis imparis (Say) Mayr. 
(Fig. 3, Fig. 4a). 


Formica imparts Say, Boston Joum. Nat. Hist. 1. 1836, p. 287, 9 d 1 . 

(?) Tapinoma poliia F. Smith, Trans. Ent. Soc. London (2) 3, 1855, p. 112, t? , 
Dale, Ent. Month. Mag. J7, 1881, p. 236, g; White, Ants and Their Ways, 
1883, p. 257. 

Formica ( Tapinoma ) Wichita Buckley, Proc. Ent. Soc. Phila 6, 1866, p. 169, g . 

(?) Tapinoma nitens E. Saunders, Trans. Enl. Soc. London, 1880, p. 211, g; Ent. 
Month. Mag, 20, 1881 p. 270, g . 

Prenolepis nitens Mayr., Verh. Zool. Bot. Ges. Wien. 36, 1886, p. 431, g. 
Prenolepis imparis Mayr. Ibid. 36, 1886, p. 431, $ ; Dalla Torre, Cat. Hymen. 7, 
1893, p. 178, g $ cf; Emery, Zool. Jahrb. Abt. Syst. 7, 1893, p. 635, g 9 d”; 
WTieeler, Bull. Amer. Mus. Nat. Hist. 21, 1905, p. 390, fig. 1, g d”; Occas. 
Pap. Boston Soc. Nat. Hist. 7, 1906, p. 11; Psyche 20, 1913, p. 116; Proc. Amer. 
Acad. Arts Sc. 52, 1917, p. 523; Emery, Gen. Insect. Formicinae, 1925, p. 225, 
S 9 d\ 


Prenolepis nitens var. ameruana Forel, in Grandidier, Hist. Madagascar 20, 1891, 
p. 94, PI. 3, fig. 4, d”. 

Prenolepis ( Nylanderia ) imparis Emery, Ann. Soc. Ent. Belg. 50, 1906, p. 133, 134; 
Wheeler, Bull. Amer. Mus. Nat. Hist. 24, 1908, p. 385, fig. 26, g. 
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W or krr. Length 3-4 mm. 

Head as broad as long, slightly narrower in front than behind, with 
straight posterior border and feebly rounded sides and posterior corners. 
Eyes moderately convex, nearly one-fourth as long as the sides of the 
head, and situated a little behind its middle. Mandibles rather flat, 
with convex external borders, their apical borders leebly oblique, 
0-toothed, the apical and basal tooth largest, the former strongly 
curved, the third tooth from the tip minute. Maxillary palpi very 
long, reaching to the occipital foramen. Clypeus convex in the middle, 
subcarinate behind, depressed on the sides, its anterior border broadly 
rounded and entire. Frontal area large but indistinctly defined; 
frontal groove absent; frontal carinre feeble, short and subparallel. 
Antenna: slender; scapes extending about two-fifths their length beyond 
the posterior corners of the head; first funicular joint as long as the 
subcqual second and third together; joints 2-8 nearly twice as long as 
broad, remaining joints somewhat shorter, except the last, which is as 
long as the two penultimate joints. Th >ra\ small and slender, divided 
into tw'o portions by a deep constriction of the posterior part of the 
mesonotum; the promesonotum somewhat longer than broad, evenly 
convex and subhemi spherical above, the dorsal outline not interrupted 
at the promesonotal suture, the mesonotum anteriorly as long as broad, 
subtrapezoidal a little broader in front than behind, sloping downward 
and passing posteriorly into the constricted portion which bears on its 
dorsal surface the pair of somewhat projecting metathoracic spiracles 
close to the base of the cpinotum. The latter is subrectangular from 
above and nearly as broad as long, in profile with subequal base and 
declivity, the former slightly convex and rising posteriorly where it 
has a taint longitudinal impression and lorms a distinct but rounded 
angle with the declixitv. This is broad and flat, with its projecting 
spiracles near the middle of its sides. Petiole as long as high, its node 
strongly inclined forward, in profile compressed and euneate, with 
feebly convex anterior and posterior surfaces and rather acute border; 
seen from behind it is trapezoidal, broader above than below’, w T ith 
straight sides and a transverse superior border, which is straight or very 
slightly concave in the middle. Gaster proportionally large, broad 
anteriorly, tapering behind to a point, convex above, the basal segment 
concave anteriorly where it overlies the petiole, its anterior border 
above straight and transverse in the middle and forming a distinct 
angle on each side. Legs rather slender. 

Very smooth and shining; mandibles glossy, very finely longitudin- 
ally striate; head and thorax with small, sparse, piligerous punctures; 
gaster very finely, superficially and tranversely shagreened, with 
coarser piligerous punctures, and along the posterior borders of the 
segments with minute, hair-bearing tubercles. 

Hairs and pubescence whitish or pale yellowish, the former rather 
coarse, erect or suberect, pointed, of unequal length, more abundant 
on the head and gaster than on the thorax, longest on the gaster. 
Cheeks, gula and front also with conspicuous short, sparse, appressed hairs, 
or very coarse pubescence. Antenna: with abundant fine, oblique 
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hairs or pubescence, longest and most conspicuous towards the tips 
of the scapes. Legs with very short, sparse, inconspicuous, appressed 
or subappressed pubescence. 

Varying from pale castaneous to dark piceous brown, the thorax 
and anterior portion of the head usually paler, the gaster darker and 
more blackish; mandibles, antenna?, legs, including coxae and posterior 
edges of gastric segments, brownish yellow or yellowish brown. Palpi 
pale yellow, mandibular teeth black. 

Female. Length 7. 5-8.3 mm.; wings 7-7.5 mm. 

Head broader than long and more narrowed anteriorly than in the 
worker. Eyes rather large; ocelli small and close together. Thorax 
massive, broader than the head, from above broadly elliptical, dorsally 
somewhat flattened in profile; mesonotum as long as broad; scutellum 
large; epinotum small, subperpendicular, rounded, without base or 
declivity. Petiolar node broad, thick below, strongly anteroposteriorly 
compressed above, its superior border deeply excised in the middle. 
Gaster large, oblong-elliptical, its basal segment angulate on each 
side anteriorly as in the worker. 

Less shining than the worker, with the mandibles more coarsely 
striate and the head, thorax and gaster much more densely punctate. 

Erect hairs shorter and more numerous than in the worker. Head, 
thorax and gaster covered with yellowish appressed pubescence which, 
however, is not sufficiently dense to conceal the shining and punctate 
integument. A similar but somewhat shorter pubescence covers the 
antenna? and legs. 

Reddish brown; mandibles, antenna* and legs slightly paler and 
more reddish. Wing membranes uniformly yellowish brown; veins 
and pterostigma resin-colored. 

Male. Length 3.5-1 mm. 

Head, including the eyes, broader than long, broadly rounded 
behind, without posterior corners, narrowed anteriorly, with short, 
straight cheeks. Mandibles rather large and overlapping, but with 
only the apical tooth developed Clypeus large, less convex than in 
the worker. Antennal scapes slender, about one-third as long as the 
long funiculus; first join! of the latter small, of the usual shape, about 
one and one-half times as long as broad; remaining joints broader, of 
uniform width, twice as long as broad, the penultimate joints somewhat 
shorter, the last as long as the two preceding joints together. Thorax 
not broader than the head; mesonotum convex anteriorly, distinctly 
broader than long; epinotum evenly rounded and sloping in profile, 
without distinct base and declivity. Petiolar node shaped somewhat 
as in the worker, but much thicker, inclined forward, with blunt apical 
border, straight and transverse but not impressed in the middle. Gaster 
elongate-elliptical; external genital appendages long, somewhat curved, 
uniformly tapering and blunt at the tip. Legs slender; hind tibvc 
feebly bent near the middle. 

vShining and finely punctate; antenmc and legs more finely and 
densely than the remainder of the bodv; mandibles very finely striate 
as in the worker. 
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Hairs grayish, rather soft and flexuous, long and abundant on the 
head and thorax and very conspicuous on the tip and venter of the 
gaster. Pubescence long, sparse and appressed, most distinct on the 
gaster, very fine and short on the legs, slightly longer and more oblique 
on the scapes. 

Piceous black; antenna.' and mandibles dark brown; femora black, 
the trochanters, tips of femora, the tibia? and tarsi brownish yellow. 
Wings varying in color from whitish to grayish hyaline, with colorless 
or pale yellowish veins and pterostigma. 





Fig 4. a., Thorax and petiole ot worker Prenolepis imparts sen^ str. in profile; 

b., same of the \ar. (ahtornica \ ar. no\ c., same of the var loloradrn s/s 
Vcir. nov. 


The type-locality of P. imparts sens. str. is “Indiana.” 
I have seen no specimens of this ant from that state, but have 
series or records from the following localities, which show that 
it is widely distributed over the eastern half of the United 
States and Southern Ontario, from Massachusetts to Missouri 
and south to Georgia, Mississippi and Texas: 

Ontario: Grimsby. 

Ohio: Hocking County (M. R. Smith). 

Pennsylvania: Beatty (J. Schmitt); Harrisburg. 

New Jersey: Fort Lee and Halifax (W. M. Wheeler); Clementon; Ramsey; Burling- 
ton (T. J. Headlee); Caldwell (Cresson); Camden County (Fox). 
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New York: Central Park, New York City and Brooklyn (H. von Krockow), 
Bronxville and Cold Spring Harbor, L. I. (W. M. Wheeler); Wyandach, L. I. 
(F. M. vSchott); Conesus, Clinton Heights, Cafticoon, White Plains and Van 
Cortland Park (J. Bequacrt); Tottenville, New Brighton, Watchogue, Long 
Neck and Annandale, S. I. (W. T. Davis and J. Bequaert); Amagansett, 
Yaphank, Calverton, Montank, Pinelawn, Wading R., Gardner’s I. and Cold 
Spring Harbor, L. I. (W. T. Davis and J. Bequaert). 

Maryland: District of Columbia (T. Pergande); Plummer’s I. (W. L. McAtee). 
North Carolina: Tryon (W. M. Wheeler); Black Mt. (B. Muller); Lake Toxoway 
(Mrs. A. T. Slosson). 

Georgia: Thomasville; Clayton, 2,000-3,700 ft. (W. T. Davis). 

Mississippi: Holly Springs (T. F. McGehee). 

Connecticut: New Haven and Yalesville (TI . Viereek); Branford (Winekley); 
New Haven (Britton). 

Massachusetts: Forest Hills and Blue Hills (W. M. and G. C. Wheeler); Danvers 
(H. W. Winekley); Warcham (C. A. Frost); Milton (A. P. Morse); Essex 
County and Springfield (G. B. King); Warwick (Miss Edmonds); Woods Hole 
and Falmouth (A. H. Sturtevant). 

Illinois: Rockford (W. M. Wheeler). 

Wisconsin: Wauwatosa (G. Graenicber). 

Missouri: Jefferson City (A. C. Burrill). 

Kansas: Douglas County (C. Klaumann); Lawrence (Tucker); Riley County 
(J. B. Norton). 

Texas: Denton (W. If. Long). 


P. imparis var. nitens (Mayr.) 

Tapinoma nitens Mayr, Verh. Zool. Bot. Ges. Wien. 2, 1852, p. 144, ; Ibid. 5, 1855, 

p. 377, v ; Progr. Realsch. Pest. 1856, p. 15, s . 

(?) Tapinoma poh/a F. Smith, Trans. Ent. Soc. London (2) 3, 1855, p. 112, e. 
Prenolepis nitens Mayr, Europ. Formicid. 1861, p. 52, s ; Ern. Andr6, Spec. Hymen. 
Europ. 2, 1882, p. 204-206, a $ cf ; Emery, Bull. Soc. Ent. Ital. 47, 1918, p. 238, 
Fig. 78, a 9 d’ 1 ; Genera Insect. Formicina?, 1925, p. 225, e 9 rib 
(?) 'Tapinoma nitens E. Saunders, Trans. Ent. Soc. London, 1880, p. 211, t> ; Ent. 
Month. Mag. 20, 1881, p. 270, 9 . 

Prenolepis imparis var. nitens , Dalla Torre, Cat. Hymen. 7, 1893, p. 178, 8 9c?; 

Ruzsky, Formicar. Imper. Ross. 1905, p. 262, (ig. 50, 51, 8 9 rib 
Prenolepis imparis subsp. nitens Emery, Dcutsch. Ent. Zeitschr. 1910, p. 128, 
fig. 1, S 9 ' 

Formica crepnsi ulastens Roger, Berlin. Ent. Zeitselir. 3, 1859, p. 238, 9; Ibid. 6, 
1862, p. 256, rib 

Las nt.s (?) crepusculascens Mayr, Europ. Formicid. 1861, p. 51, 9 

Worker. Length 0 -B .0 mm. 

Very similar to the common dark form of the typical imparis. 
Brown, with piceous black gas ter; antenna' somewha. paler and more 
yellowish brown than the head and thorax. vSuperior border of petiolar 
node somewhat more impressed in the middle. Pilositv and pubescence 
very similar but the legs have somewhat longer and more oblique, i.e. 
less appressed, hairs and the pubescence on the antenna* is perhaps 
slightly longer and denser. 

Female. Length 9 mm.; wings 8.0 mm. 

^ ery similar to the female the typical imparis but appare* tly 
darker, being piceous instead of reddish brown; the wings also darker 
brown, with dark brown viens and pterostigma. Pubescence on the 
antenna and legs somewhat shorter and more appressed than in the 
worker. 
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Male. Length 3-3.5 mm. 

Also very similar to the male of imparis sens. str. and also black 
or dark piceous brown, but the wings are darker, being tinged with 
brown and having pale brown veins and pterostigma. The tibifc, too, 
are darker and more brownish. Pilosity and pubescence very similar. 

Northeastern corner of Italy, Tyrol, Austria, Balkan 
Penninsula, Asia Minor and Caucasus. 

The description of the female, which I have not seen, is 
adapted from Emery. 

P. imparis var. testacea Emery. 

Prenolepis imparis var. testacea Emery, Zool. Jahrb. Abt. Syst. 7, 1893, p. 636, 
H cf; Wheeler, Bull. Amer. Mus. Nat. Hist. 21, 1905, p. 390, e; Psyche 30. 
1913, p. 116, 8 ; Emery, Genera Insect. Formicinse, 1925, p. 225, a ; M. R, 
Smith, Ent. News, 39, 1928, p. 278, 5 . 

Worker. Differing from the typical imparis in color, being yellow, 
or brownish or reddish yellow, with the gaster and posterior portion of 
the head often darker and varying from pale to dark brown. Legs 
yellow. Quite as smooth and shining as the type, with the same 
pubescence and pilosity. 

Female. Distinctly paler and more yellowish red than the typical 
imparis; mesonotum with a broad brown parapsidal streak on each side 
and often with a narrower antero-median streak of the same color. 
Wings of the same yellowish brown tinge as in imparis , with resin- 
colored veins and pterostigma. 

Male. Brown or yellowish brown, with darker head; legs yellow, 
with the femora brownish except at their tips; antennae of the same 
color as the body. Wings slightly tinged with yellowish; veins and 
pterostigma brownish. 

District of Columbia: Washington (T. Pergande), type- locality. 

Virginia : (T. Pergande). 

North Carolina: Trvon (W. M. Wheeler); Blaek Mt. and Swannanoa (W. 
Beutenmuelier). 

Georgia: Clayton, 2,000-3,700 ft. (W. T. Davis); Gainesville, Tybee Is!., Marietta 
and Atlanta (J. C. Bradley). 

Florida: St. Augustine (C. T. Brucs), Tallahassee. 

Mississippi: Agricultural and Mechanical College (M. R. Smith). 

New Jersey. Lakehurst (W. T. Davis and W. M. Wheeler); Clementon and 
Medford (H. Viereck). 

New York: Mosholu, Bronxville, Van Cortland Park, Central Park, New York 
City and Arlington, S. I. (W. M. Wheeler); Tottenville, S. I., Wading R. and 
Amagansett, L. I. (W. T. Davis and J. Berjuaert); Ithaca (Funkhauser) ; 
Taughannoc Falls, Ithaca (C. P. Haskins). 

Pennsylvania: Beatty (J. Schmitt). 

Missouri: Columbia (A. M. Ferguson). 

Arizona: Indian Garden, Grand Canyon (W. M. Wheeler). 

Unlike the typical imparis, testacea prefers to nest in pure 
sand or sandy soil at low altitudes. Its distribution shows 
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that it is a southern form, most abundant in the Carolinian 
area of Southern New Jersey and southward to Florida. 

P. imparis var. minuta Emery. 

Prenolepis imparis var. minuta Emery, Zool. Jahrb. Abt. Syst. 7, 1893, p. 636, B o' ; 
Wheeler, Occas. Papers Boston Soc. Nat. Hist. 7, 1906, p. 11, e; Emery, 
Genera Insect. Formicinae, 1925, p. 225, Q d. 

Worker. Length 2-2.5 mm. 

Closely resembling the typical imparis in sculpture, pilosity and 
color but decidedly smaller. 

Female, (undescribed). Length 6.5 mm.; wings 6.5 mm. 

Also smaller than the females of any of the preceding forms, some- 
what paler than imparis and darker than lestacea , with the mesonotal 
markings of the latter and the wing-membranes somewhat paler than 
in either of these forms. 

Male. Length 2.5 mm. 

Indistinguishable from the male of imparis, except in its smaller 
size and in having slightly darker wings. Veins and pterostigma 
pale yellowish. 

Distrut of Columbia: (T. Pergande), type-locality. 

Not th Carolina: Clemson Agricultural College, (M. R. Smith and W. A. Morrison). 
New Jersey: Cape May and Bridgetown (F. M. Schott). 

Connet tuut: New Haven and Yales\ille (H. Viereek). 

Indiana: Hammond and Wvandotte (W. Blatchlev). 

Wisconsin: Alma Center (A. C. Burrill). 

Missouri: Barton County (J. W. Chapman) 

Washington and Oregon: Columbia River Gorge (A. C. Burrill). 

I possess two worker cotypes from the District of Columbia, 
two males from Cape May and Bridgetown, N. J., and a single 
female from the latter locality. In stature this variety, which 
has a wide distribution though it seems to be rather rare, 
closely resembles P. henschei of the Baltic Amber. The same 
is true of the following small variety. 

P. imparis var pumila var nov. 

Worker. Length 2.2 2.5 mm. 

Of the same pale color as the var. teslacea and bearing to it the 
same relationship in stature that the var. minuta bears to the typical 
imparis. The gaster, however, is paler and only slightly infuscated 
across the middle of each segment. Legs and antenna* pale yellow. 
1 lap. Length 2. 5-2. 5 mm. 

Colored like the male testae ea but smaller; reddish brown; head 
darker brown posteriorly; femora, except their tips, brown like the 
thorax. Wings grayish hyaline, with pale brownish veins. 

North Carolina: Raleigh (F. Sherman), type-local’ f y. 

Alabama: Fort Payne (W. S. Creighton). 

District of Columbia: Washington (T. Per»;ande). 

New York: New York City (C. T. Brues). 
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P. imparis var. coloradensis var. nov. 

(Fig. 4, c). 

Worker Length 2.5-3 mm. 

Resembling the var. pumila but averaging somewhat larger and 
darker in color, being brown, with the gaster and posterior portion of 
the head scarcely darker than the thorax; posterior borders of gastric 
segments, antenna? and legs yellow. Distinguished from all the pre- 
ceding forms by the shape of the epinotutn, which has the base decidedly 
shorter than the declivity and forming with it a much more pronounced 
angle, almost a right angle, in fact, because the declivity is much 
more nearly perpendicular. Upper border of petiolar node seen from 
behind straight and transverse, with less rounded corners. 

Numerous specimens from Cheyenne Mt., 8000 ft., near 
Colorado Springs, Colorado (W. M. Wheeler). 


P. imparis var. arizonica var. nov. 

Worker. Length 3-2.5 mm. 

Of the same color as darker specimens of the var. teslacea; thoracic 
sutures, mandibles, coxa\ legs and antenna- brownish yellow. Pilosity 
distinctly longer and on the gaster conspicuously more abundant; 
pubescence on antennal scapes somewhat longer. Upper border of 
petiolar scale distinctly concave in the middle. Base of epinotutn 
rather short but in other respects the thorax is shaped as in the typical 
imparis and the var. testacea. 

Female. Length (5.5 mm.; wings 7.5 mm. 

Smaller than the female of imparis, its vars. nitons and testacea 
and colored like the last, but without mesonotal markings. Wings 
quite as dark but less yellowish and with brownish yellow veins and 
brown pterostigma. Pubescence on head, thorax and gaster much 
longer. Petiolar node broader, with more rounded sides above and 
distinctly narrower and shallower emargination in its superior border. 

Male. Length 3-3.2 mm. 

Dark piceous brown, with black head; antenna* and legs throughout 
as dark as the thorax and gaster. Wings decidedly darker than those 
of any of the preceding forms, including the var. nitens, uniformly 
dark grayish, with dark brown veins and pterostigma. 

Described from four workers, three males and a single 
female taken by Dr. W. M. Mann in Ramsay Canyon, Huachuca 
Mts. 5800 ft. Arizona. In all probability, this form occurs 
also in the mountains of northern Mexico. 
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P. imparis var. califomica var. nov. 

(Fig.4,b). 

Worker. Length 2. 3-2. 3 mm. 

Averaging smaller than the typical imparis and usually of the same 
color, but often darker and almost black, more rarely paler and approach- 
ing the var. testacea. Antenna' and legs brown, tarsi paler and more 
yellowish. Eyes distinctly smaller, mesonotum more convex, so that 
the curved dorsal outline is more interrupted at the promesonotal 
suture than in imparis ; the constricted posterior portion of the meso- 
notum very short and the metathoracic spiracles therefore closer to the 
posterior end of the mesonotal declivity. Petiolar node narrower, 
more compressed anteroposteriorly, with more flattened anterior and 
posterior surfaces and sharper superior border. The latter less trans- 
verse, not concave. Long pilosity on the body much as in imparis , 
the pubescence on the scapes and legs longer and less appressed. 
Female. Length 6-6.5 mm.; wings 7.3 mm. 

Smaller than the female of the typical imparis; either dark brown 
and therefore of the same color or paler and more reddish. Wings 
darker and more brownish, with brown veins and pterostigma. Thorax 
somewhat broader and higher; petiolar node thinner, with less deeply 
excised superior border. 

Male. Length 2.8-3. 2 mm. 

Also smaller than the male of the typical imparis; black or piceous 
black, with brown antenme and legs, tarsi and knees somewhat paler. 
Wings gray, darker than in the typical imparis , with more distinct 
brown veins and pterostigma, as in the var. nilens. Erect pilosity 
abundant on the head, thoracic dorsum and gaster, very conspicuous 
on the venter. Eyes somewhat smaller and less convex than in imparis; 
petiolar node not so thick above. 

California: Stanford University (H. Heath, W. M. Mann, C. F. Baker), type- 
locality; vSan Jose (H. Heath); Mann County; Eldridge, Sonoma County 
(j. A. Kusche); Piedmont and Berkeley (J. C. Bradley); mountains near 
Claremont (C. F. Ba 1 or); Santa Cniz Island (R. V. Chamberlin); Point Loma, 
San Diego (P. Leonard); Santa Inez Mts. and San Ysidro, near Santa Barbara, 
Pasadena, Mt. Lowe and Yoscmite Village (W. M. Wheeler); Santa Paula 
(H. F. Quayle); Portola; La Verne (E. Becker). 

Nevada: Ormsby Count \ (C F. Baker). 

Oregon: Ashland (W. Taverner); Forest Grove (A C. Burn'.;. 

This form, which seems to be confined to the Pacific coast 
region, is rather unstable and may have to be resolved into 
several distinct varieties when more material, especially of the 
females and males, is available for study. The workers from 
La Verne, Calif, are very dark, those from Santa Cruz Island 
and Point Loma approach the var. tcstacea in color, but tnose 
from the vicinity of San Francisco are colored like the typical 
imparis. The specimens which I collected on Mt. Lowe are 
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reddish brown and vary greatly in size (from 2-3.5 mm.). 
They have unusually long and suberect pubescence on the 
scapes and legs and seem, therefore, to be transitional to the 
following two varieties from Mexico. 


P. imparts var. veracruzensis var. nov. 

Worker. Length 3 mm. 

Resembling the typical imparis but uniformly brownish red, except 
the tarsi and knees, which are yellow. Head subrectangular, as broad 
in front as behind. Promesonotum and petiole shaped as in imparis; 
base of epinotum more convex, rising posteriorly and rounding into 
the longer declivity without any indication of an angle. Pubescence 
on vseapes and legs long, conspicuous and less appressed, even longer 
than in the above-mentioned form of caliiornica from Mt. Lowe. 

Described from a single specimen taken in sweepings by 
Dr. A. Dampf at Maltrata, Altaluz, in the wState of Vera Cruz, 
Mexico. Till more material is available the status of this 
variety is problematic. It is obviously closely related to the 
following: 


P. imparis var. colimana var nov. 

Worker. Length 3 3.5 mm. 

At first sight resembling dark forms of the typical imparis. Rich 
castaneous brown, the posterior portion of the head and the gaster 
darker and more blackish; antenna', trochanters, tarsi and bases and 
tips of femora paler, more yellowish brown. Head, thorax and petiole 
shaped as in imparis , but stouter. Erect hairs on the body longer and 
more abundant and the pubescence on the scapes and legs much longer, 
more abundant and more nearly erect than in any of the other varieties. 
The scapes appear plumose, owing to their pubescence being longer 
than their greatest diameter and even the funiculi have unusually long 
and conspicuous pubescence. 

Described from numerous specimens taken by Mr. C. H. T. 
Townsend on the Volcan de Colima at an altitude of 7500 ft., 
in the state of Colima, Mexico. 
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ON THE NOMENCLATURE FOR THE BROODS OF 
PERIODICAL INSECTS. 


II. P»E1L,* 

Forslliche Hochsthulc, Tharanclt, Germany. 


While the majority of insects have at most an annual cycle 
of generation, thus in the course of a single year passing through 
one or several complete series of developmental stages, there 
are, on the other hand, many species that need several years 
for their development. It is characteristic of insects of the 
second group that the imagines appearing in one year are not 
the offspring of imagines from the year immediately preceding, 
but are the progeny of parents that appeared as imagines in a 
more distant year. Since the duration of development for each 
species is fairly constant locally, it is then possible to distinguish 
as many broods for each particular species as there are years 
in its developmental cycle. 

It frequently happens, however, that of the theoretically 
possible number of broods of a species, one brood appears in a 
particular locality with an abundance of individuals (main 
brood), while the other broods (secondary broods) may have a 
much smaller number of individuals, or may not be known to 
be represented at all. From a practical standpoint, the main 
brood can play a conspicuous role, because, if the insect is one 
of economic importance, the years of its appearance may be 
years of great destruction. Consequently there is in literature 
an abundance of comment on the periodical recurrence of 
injurious insects. 

If we wish to make a comprehensive synopsis from such 
information, it is necessary to have a brief designation for the 
broods, or for the brood years. There is, however, so great a 
lack of uniformity in the terms by which the broods of periodical 
insects have been distinguished, that it is often difficult to 
make a comprehensive summary; and because of these different 
systems of nomenclature that have been used for different 

*Thc writer is deepU indebted to Mr. R. E. Snodgrass for ha\ing super lsed 
the translation of this paper. 
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insects there is an urgent need for a truly clear and precise 
method for naming the broods applicable to all periodic species. 
A brief review will show how broods of periodical insects have 
thus far been designated. 

The simplest method for naming a brood consists of identi- 
fying it with a year in which it appeared, or perhaps one in 
which it was particularly destructive. This method of naming 
the brood years, as employed by J. B. Smith with reference to 
the periodical cicada, is not satisfactory because there may 
mature in the same year several broods of the same species, 
but of different length of development. Moreover, the selection 
of different brood-years of the same brood for the designation 
of this brood may easily result in confusion. 

As a rule, therefore, by the use of a year as a brood name, 
there is selected for the designation not only one ( flight-year 
but several years which have been recorded of the repeated 
occurrence of the same brood in the same locality, and which 
naturally are characteristic of the brood in question. The 
method of naming broods according to the year sequence, as 
1901-04-07, has been employed by many writers, and is still 
commonly used for the European May -beetle. This method 
can be applied successfully only in individual cases, because in 
comparative investigations of the brood years in various local- 
ities, the series of years exactly ascertained in one place may 
come out quite different in another, and consequently may be 
very confusing. 

By many writers, again, the broods of periodical insects are 
designated by proper names taken fiom localities in which the 
appearance of the insect is characteristic. The oldest instance 
of this kind is that of the naming of the broods of the May- 
beetle in Switzerland as the Bern brood-year (1884), the Uri 
brood-year (IS.'].')), and the Basel brood-year (lS,‘](i), a system 
invented by (). Heer. This method of designating the broods 
is unquestionably convenient for local faunistic studies; it 
cannot be applied, however, in comprehensive investigations, 
because it is impossible for one who does not know the flight- 
year of the broods in the locality taken as characteristic, either 
from his own experience or from the published records, to find 
the connection between the name of the brood and the series 
of brood years or vice versa. 



1930 ] 


Prell: Nomenclature of Broods 


29 


Still other writers have designated the broods by means of 
figures, a custom generally adopted in works on the periodical 
cicada. In such cases numbers are given to broods determined 
by exact records of the years of flight, regardless of the character 
of the brood series. If this enumeration is made without a 
special plan (Fitch), the number of each brood might remain 
unchanged, since a new number may be given to any newly 
discovered brood. This system, however, must result eventually 
in a loss of all relation between the series of brood years and 
the series of identification numbers. If, on the other hand, 
the enumeration of the broods is made to correspond with the 
time of the serial recurrence of the brood-years after an arbi- 
trarily fixed date (Riley selected the year 1808, which was a 
particularly important brood year with both races of the 
periodical cicada), the discovery of a definite new brood might 
upset the numbering completely and cause utmost confusion. 
This is proved only too well by a comparison of the brood 
nomenclature used by Walsh and Riley (1808), and by Riley 
(1809). Moreover, the number system was made still more 
unwieldly by the fact that no consideration was given to the 
difference in duration of development, and that any broods, 
regardless of their developmental periods, appearing in the same 
year were simply given a number in the series. Consequently, 
this method neither led to any definite results, nor was it of 
practical use without a key. 

Later the numbering system was improved by taking into 
account all the theoretically possible broods of the species 
(Marlatt). Thus by continuing the sequence of numbers after 
a date selected as a airting point, subsequent changes in the 
numbers were finally avoided. (Marlatt took the year 1893 
for the beginning in his series of numbering, this year being the 
first of a long series of actually observed brood-years of the 
periodical cicada.) Notwithstanding this improvement, how- 
ever, and recognizing the fact that both races of the periodical 
cicada were now distinguished in the numbering, the method 
is useful only within certain limits, because it does not show 
clearly the relation between the name of a brood and its place 
in the series of brood years. (Marlatt enumerated the broods 
of the 17-year race of the periodical cicada from I to XV 1, 
and those of the 13-vear race from XVI 11 to XXX.) 
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Nomenclature of the Broods of the Periodical Cicada. 


Year 

Proposed 
Ofnkral 
Method of 
Dfsion \tion 

Enumeration of Broods 

Record of 
Appearance 
Typical 
Years 

Complete 

! Incomplete 

1 

Based on Sentience 
of Broods 

Absolute 

Marla tt 
1808 

Rilev 

1800 

Walsh ik 
Riley 
1808 

Fitch 

1854 

Smith 

1857 

XIII 

Cicada (Magicicada) v. tredecim Walsh and Riley. 

1001 

♦XII 1/1 

XXVI 

X 



1840 

1002 

X I II / 2 

XXVII 





1003 

XT 1 1/3 

XXVIII 





1004 

XII 1/ 4 

XXIX 





1005 

xn r 5 

XXX 





1000 

XIII' 0 

♦XVIII 

XVI 



1854 

1007 

XIII 7 

XIX 

XVIII 

XIII 

3 i>. p. 

*IS12 

100S 

XI 1 1/8 

XX 

MI 



1843 

1000 

XII T >0 

XXI 

IV 



1 844 

1010 

XIII, 10 

XXII 

VI 

IV 


1845 

1011 

xrii/u 

XXIII 

VII 

V 

5 p. p. 

18-k; 

1012 

XIII 42 

XXIV 





1013 

XIII 13 

XXV 





1014 

*XIII 1 

XXVI 

X 



isio 

1015 

XI 11/ 2 

XXVII 





1010 

X 1 1 1 / 3 

XXVII I 





1017 

XIII 4 

XXIX 





1018 

XIII, 5 

XXX 





1010 

XI 1 1/0 

XXVI 11 

XVI 



1854 

1020 

XI 1 1/7 

XIX 

XVIII 

XIII 

3 p. p. 

-is 12 


II 

i 



XVII 

Cicada (Magicicada) septendecim Linne 

1001 

♦XVII/l 

IX 

XXI 

XV 


1850 

1002 

XVI 1/2 

X 

XXII 

XVI 

4 

1851 

1003 

XVI 1/3 

XI 

*1 

M 

0 

1852 

1004 

XVI 1/1 

XII 

(HI) 

II 


1853 

1005 

XVI 1/5 

XIII 

V 

III 

0 

1851 

1000 

XVI 1/0 

XIV 

VIII 

VI 

3 p. p. 

1855 

1007 

XVI 1/7 

XV 





1008 

XVI 1/8 

XVI 

IX 

VII 



1000 

XVI l'/0 

XVII 





1010 

XVII/ 10 

*r 

XI 



*1812 

1011 

XVI I/ll 

II 

XII 

VIII 

1 

1813 

1012 

XVII /12 

III 

XIII 

IX 


1844 

1013 

XV1 1/13 

IV 

XIV 

X 


1815 

1014 

XVI 1/14 

V 

XV 

XI 

5 p. p. 

1840 

1015 

XVI 1/15 

VI 

XVII 

XII 

7 

1847 

1010 

XVII/10 | 

VII 

XIX 



1848 

1017 

XVI 1/17 

VIII 

XX 

XIV 

2, 8 

1840 

1018 

♦XVII/1 

IX 

XXI 

XV 


1850 

1910 

XVI 1/2 

X 

XXII 

XVI 

4 

1851 

1920 

XVII/3 

XI 

*1 

♦I 

0 

1852 


First brood oi the enumeration. 
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It is thus evident that none of the methods so far used for 
designating the broods of periodical insects is entirely satis- 
factory. It is, therefore, necessary to devise a new and better 
system of nomenclature. 

Considering the objections which have been urged against 
former and current methods of naming the broods of periodical 
insects, we should consider some of the requirements necessary 
for a satisfactory brood nomenclature. The following three 
points are essential : 

1. Clear and concise designations for the broods. 

2. A ready deduction of a flight-vear sequence from the 

name given to a brood, and the reverse. 

3. A uniform and simple application of the system to all 

periodical insects. 

These requirements are fulfilled if the name of the brood 
shows the duration of the generation, indicating thus the 
number of potential broods, if it gives the position of a particular 
brood of a series, and if it designates a characteristic brood 
year. These essentials may be combined in one symbol by 
naming the broods of a periodical insect with a suitable double 
number. 

The first of the two figures to be used is given by the number 
of years in the generation period of the insect, or the number 
of possible broods of the species or race in the same time, the 
two figures being identical. The second figure is furnished by 
the numerical order of the particular brood in the series after 
the time at which the numbering is begun, which should be the 
first year after the beginning of (he century. Thus the sequence 
number of the brood will be also the number of the year in 
which the brood theoretically first appeared after the beginning 
of the present century. 

It is more convenient for several reasons to express the first 
number with a Roman numeral and the second with an Arabic 
figure, and to separate the tw T o with an oblique line. 

The use of this new method of nomenclature will exclude 
all misunderstanding, and should, therefore, facilitate the study of 
periodical insects. N aming the broods as above proposed will show 
all that is characteristic of each particular brood. For example, 
II/l shows that the brood of an insect so designated belongs to 
a species having a two-year life cycle and that it flies in the 
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years of odd numbers; the designation IV/3 means that the 
brood is of an insect having a four-year developmental period, 
and that it flies in a year before a leap-year. Further examples 
are given in another place ( Zoologischer Anzeiger , Vol. 81. 
Leipzig 1929, pp. 203-219). 

This same method of brood naming might be applied also 
to insects having several generations in one year, the broods in 
this case being indicated by letters. Thus I/3/b would desig- 
nate the second of three possible broods of an insect having 
several generations each year. 

Since this nomenclature is especially suitable for insects 
with long developmental periods, it seems appropriate to add, 
in conclusion, a comparative synopsis of the various designations 
used to distinguish the broods of the two races of the periodical 
cicada, including the nomenclature here proposed. The advant- 
ages of the last thus become selfevident. 


BOOK NOTICE. 

INSECT PESTS AND THEIR CONTROL IN SOUTH AFRICA, 
by Charles K. Brain, M. A , D. Sc. Die Nasionale Pers Beperk, 
Keerom .Street, Cape Town. 

Dr. Brain has presented in this book of nearly live hundred pages 
a most valuable survey of the insect pests of South Africa, one which 
must have a very useful place in the practical and the educational 
work of that rapidly developing commonwealth. There is a brief 
informative foreword by General J. Kemp, the Minister of Agriculture, 
and an introduction dealing with the general features of insect life 
followed by a series of chapters dealing with the different insect groups 
in a systematic order, a feature of special value to students, and these 
followed by a chapter on Beekeeping, one on Diseases transmitted by 
Insects and one on Control Measures. This latter sums up in a general 
way the different modes of control although control measures are 
presented in connection with the discussion of each important insect 
pest. Dr. Brain is to be congratulated on his success in compressing 
into convenient and workable form such a large amount of information 
concerning insects of so many groups and covering such an extended 
territory 


Herbert Osborn. 



A STUDY OF THE INSECT FAUNA OF BRAZOS COUNTY, 
TEXAS, WITH SPECIAL REFERENCE TO THE 
CICADELLIDA5. 

Robert K. Fletcher, 

Texas Agricultural Experiment Station. 


Brazos County is situated in East Central Texas between 
the Brazos and Navasota Rivers, which form, respectively, 
its western and eastern boundaries. The two rivers meet at 
the southern extremity of the county. The old Nacogdoches- 
San Antonio Road is the northern boundary. The county is 
about 150 miles north of the Gulf of Mexico. The general 
elevation ranges from 200 to 400 feet above sea level. The 
topography as a whole is level to very gently rolling. The 
bottom land along the Brazos River varies in width from a few 
hundred feet to five miles. The Navasota River bottoms have 
an average width of nearly a mile. The greater part of the area 
has probably been a land surface since Oligocene time. 

Climate*. 

A study of the climatological data of the county for the 
twelve years from 1910 to 1927, inclusive, gives the following 
results: Temperature, average mean, by months, January 
50.25° F., February 55.37° F., March 00.02° F., April 07.40° F. ( 
May 74.17° F„ June 80.05° F„ July 83.71° F„ August 83.99° F., 
September 78.85° F., October 09.49° F., November 59.02° F., 
December 52.41° F. Rainfall, average mean, 39.94 inches. 
The periods of highest average temperature and lowest average 
rainfall coincide, resulting in a well defined period of summer 
drought. During the twelve years included two periods of 
extended droughts have occurred. The first from August 1, 
1916 to February 1, 1918, during which time of eighteen months 
but 20.38 inches of rain fell. The second from July 1, 1924 to 

Author’s Acknowledgments— These studies were started and completed 
under the direction of Dr. Herbert Osborn, to whom the author is indebted for 
advice, encouragement, and the identification of Cicadellidaj. The late Mr. H. 
Ness, Botanist of the Texas Agricultural Experiment Station, identified man\ 
plants and gave much valuable information as to their ecology and distribution. 

♦These data are compiled from the records of the Texas Agricultural Experi- 
ment Station. They were made available through the courtesy of Mr. A. B. 
Conner, Director of the Station. 


33 



34 


Annals Entomological Society of America [Vol. XXIII, 


August 1, 1925, during which period of fifteen months but 
15.75 inches of rain fell. An examination of the records shows 
also an uneven distribution of rainfall throughout the year. 

Vegetation. 

Brazos County lies in the Post Oak Region of the East 
Texas timber belt. This plant association has been described 
by Bray (1) and its extent determined. It is a westward 
extension on the lignitic soils of the forest of East Texas minus 
the pine. Post Oak ( Qucrcus stcllata) is the dominant tree 
species closely followed by Black Jack Oak (Q. marilandica). 
Upon the top of the escarpment along the Brazos and Navasota 
Rivers and extending a short distance back there is considerable 
hickory (Carya sp.). In fact Shantz and Zon (7) refer this 
region to the Oak-Hickory forest. 

Along the rivers and smaller water-courses wherever there 
is sufficient moisture the Bottom Land Forest occurs. This 
consists of several species of Hickory (Carya sp.), Black Willow 
( Salix nigra), Cottonwood (Populns dcltoides) Hornbeam (Chtrya 
Virginiana ), several species of oaks, notably Overcup Oak 
(i Quercus tyrata) and Water Oak (Q. nigra). White Elm (Uhnus 
Americana), Winged Elm (i\ alata), Hackberry (Ccltis occiden- 
tal is), Sweet Gum (Liquidamber styracijlua), Sycamore ( Plat inns 
occidental is), Red Bud (Cere is canadensis). Honey Locust 
( Gleditsia triacanthos ), Prickly Ash (Xanthoxylon clava-herculis) , 
American Holly (Ilex opaca), Youpon Holly (I. vomitoria). 
Deciduous Holly (I. decidua). Flowering Dogwood (Cornns 
florida). Black Gum (Xyssa sylvatica ), and Persimmon (Dio- 
spyros Virginiana). Black Walnut (Juglans nigra) and River 
Birch (Betula nigra) also occur in one locality known to the 
writer. 

The upland forest was originally much more open than at 
present. Formerly there were very few shrubs and the trees 
were far apart with nearly pure stands of grass growing between, 
(Plate I, Fig. 1). Because of overgrazing the grass disappeared, 
its place being taken by shrubs, principally the youpons, the 
haws, and Indian Current. The disappearance of the grass 
also permitted the growth of many young trees of the same 
species as the original forest, namely oaks and hickories. We 
find at present a forest of closely set trees with an undergrowth 
of shrubs, (Plate I, Fig. 2). 
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The present “ grassland ” consists mostly of abandoned 
fields. Scattered through these are the grasses herein named 
and annuals which have increased in number of individuals in 
proportion as the grasses have been exterminated. In the 
youngest abandoned fields are found the Crotons or Sageweed 
0 Croton capitatns and C. Engelmannii ), especially the first, 
which covers hundreds of acres. Then come Broomweed 
(Amphiachyris dracuncnloides) and Bitterweed {llclenium tcnui- 
folium). Ragweeds (Ambrosia sp.) seem to conic in next. 
After July, the above named weeds form the most characteristic 
feature of the vegetation of the old fields. Burr Clover 
(Medicago hispida) is very abundant in the spring, and it is 
spreading. Burmuda Grass (Capriola dactylon) is becoming 
dominant in many fields. One of the most widely distributed 
grasses at the present time, especially on the harder packed 
soils, is A ri si id a sp. Many fields have “gone back” to this 
grass. (Plate II, Figs. 1, 2). 

In the northern and northwestern parts of the county a few 
small fields of the original grassland of the “blacklands” 
have been found. These fields have a few flowering plants 
scattered through them, but the dominant vegetation is grass. 
Andropogon Jurcatus and A. scoparius are the dominant grasses 
in the order given. (Plate I, Fig. 3). 

Along the railway right-of-ways are found stands of mixed 
A scoparius and A. saccharoidcs and also unmixed stands of 
each of these plants. These railway right-of-ways are burned 
off each fall. It may be that in a way this approximates what 
took place before settlement. (Plate II, Fig. 3) shows a stand 
of A. scoparius with a slight mixture of A. saccharoidcs. 

In the eastern part of the county A. saccharoidcs is quite 
plentifully scattered through old fields and in fer^e corners. 

If these are relies, they point to a condition very diflerent 
from the present, a condition in which grass was much more 
prevalent than now. 

To summarize briefly, the original type of vegetation has 
been greatly modified. In place of the more or less open 
woodlands we find a heavy growth of comparatively your ? 
trees and thickets of shrubs. In place of the original grassland 
we find thousands of acres dominated by annual flowering 
plants. The effect of this change upon the insect fauna must 
have been profound. 
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Insects of the County. 

LOCATION WITH REFERENCE TO TRENDS OF DIFFUSION. 

According to Webster (10) there are two trends of diffusion 
passing through Texas. One of these reaches the United 
States from South America by way of the Antilles and Florida. 
It passes westward through the Gulf States and on to the 
Pacific Coast. The second trend enters North America by 
way of the Isthmus of Panama, extending northward to Yucatan 
where it divides. The eastern branch crosses to Cuba and 
joins the first trend. The western branch continues northward 
along the Gulf Coast to Texas and thence to Canada. 

In connection with the first trend it should be remembered 
that Brazos County is located in the western edge of the forest 
which extends unbroken from the Atlantic Coast. With 
reference to the second trend, the Gulf Costal Prairie lies a few 
miles to the south and was formerly connected with the county 
in all probability by almost continuous grassland. 

EFFECT OF SETTLEMENT. 

The remains of the original vegetation are so meager that 
it is impossible to draw direct conclusions as to the nature of 
the original insect fauna. Observations, however, have been 
made by the author in certain families of insects which seem to 
point to a condition considerably modified from the original. 
These observations are recorded below. 

Orthoptera (Loaistidce ) . — The number of individuals of 
many species is very great. Frequently they are very destruc- 
tive to cotton. Conditions for breeding are ideal because of 
the thousands of acres of weed-filled fields which furnish food 
and also earth of the right consistency for oviposition. Little (4 ) 
records forty-seven species from the county. 

Isoptera. — In certain parts of the county, especially along 
the escarpments of the rivers, termites are to be found in nearly 
every fallen log. Certainly conditions are better for this 
group of insects because of the increased amount of forest. 
Termites are spreading to the towns also, causing constantly 
increased damage. 

Neuroptera ( Clirysopidce ). — These are very abundant in 
cotton fields. There seems to be no doubt that this family has 
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increased in number of individuals with the introduction of 
cotton and cotton lice. The eggs of the Aphid Lions may be 
found on turnips, mustard, cabbage, and many other vegetables, 
and flowers and shrubs. The introduction of various plants 
upon which aphids feed in great numbers has surely increased 
the number of individuals of all aphid feeding insects. 

( Myrmeleonidce ) . — Areas of bare ground have increased with 
grazing and agriculture. Wherever these occur in places 
sufficiently shaded and undisturbed, Ant-lions are found in 
great numbers. 

Ephemerida. — Occasionally May-Flies have been observed 
drifting along with the wind. The writer has not been able to 
determine where they come from. Settlement has probably 
affected this family to some extent. Very few of the streams 
are constant. Most are iry water courses except during rainy 
weather when they may become torrents. The removal of 
water-holding vegetation from much of the county has certainly 
reduced the number of constantly flowing streams and so 
lessened the chance for propagation of all insects adapted to 
such habitats. 

Odonata — A few species of Dragon-Flies have been 
observed. They are most abundant as to species and indi- 
viduals near the Little Brazos River. A small clear-running 
spring-fed “branch” in the southern end of the county is the 
home of a number of Damsel-Flies. 

There is probably an increased water-area in the county 
owing to the maintenance of “tanks” for watering the stock. 
Some of these are of considerable size and do not dry up during 
even the long droughts. It must be remembered in con- 
nection with water-insects that the land is much more subject 
to erosion than formerly and that consequently the few per- 
petual streams are muddy for long periods of time. The only 
exception to this rule known to the writer is the above-men- 
tioned spring-fed “branch.” 

Thvsanoptera. — These are very abundant on cotton, roses, 
and many wild flowers, especially the Compositae. They have 
increased in numbers because of settlement. 

Hemiptera (Miridcc). — For evidence as to the effect of 
settlement upon the increase in numbers of individuals of 
insects, see Reinhard (6) on Psallus seriatus ( 'Reut.) . This 
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insect has thirty-eight food plants. At least thirty of these 
are weeds. The crotons, which cover hundreds of acres of 
abandoned land in the county, are the favorite food plants. 
Under certain conditions they leave these plants to attack 
cotton, sometimes ruining the crop. The cotton Leaf-bug 
(Adelphocaris rapidus Say) has been taken from weeds, and no 
doubt it leaves the.se to attack cotton. Various species of 
Lygus have also been taken from weeds. 

(Coreidcc). — The two Leaf-Footed Plant Bugs ( Leptoglossus 
phyllopus Linn.) and ( L . oppositus Say) are also found first 
on weeds and then on cotton. 

{Pentatomidce). — The Stink-Bug ( Acrostermim marginatum 
Say) is present sometimes in great numbers. It attacks 
several garden crops as well as fruit and cotton. In this 
family, however, although about twenty-five species have been 
taken, no great number on any particular weed has been noted. 

Homoptera ( Cercopidcc ). — Only two species of Cereopidae 
have been taken in the county. One of these is very abundant 
at times on Bitter-weed. It may be that these insects cannot 
stand the period of summer drought, especially since the grass 
covering has been practically destroyed. 

( Membracidce ). — About thirty species of this family have 
been collected. They are most abundant both as to species 
and as to individuals in those old fields which have reached 
the stage where they contain the greatest number of weeds and 
grasses, especially on the edge of thickets. 

(Fulgoridcc).— \ Something over thirty species of this family 
have been taken. These include members of the following 
sub-families: Fulgorinae, Dictyophorinae, Acanaloniinae, Cixi- 
inae, Flatinae, and Delphacinae. Fulgorida* are very generally 
distributed throughout the area. Members of the last named 
sub-family are especially abundant in grassed-over fields. 

Coleoptera (Cicindelidce) .— This family has almost certainly 
increased in number of individuals since settlement. They 
are most abundant on the beaches of the Brazos River and 
along the sandy shores of the branches. This hath tat has been 
extended as noted under Ant-Lions. Some wSpecies, especially 
Cicindella reticulatcra occur in great numbers along the old 
roads and in old fields in eroded areas. Twenty-two species 
have been taken in the county. While there may not be any 
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more species at present than formerly, there are probably 
many more individuals owing to the greater extent of larval 
habitats. 

(■ Carabidce ). — What has been said of the Tiger Beetles is 
true also of the Ground Beetles. Many species are found in 
great numbers, especially in abandoned fields of the Croton- 
Bitterweed-Broomweed stage. Some species are most com- 
monly found in the Post Oak Woods. 

(Scar aha eidcc ). — Both scavenger and leaf -feeding members 
of this family are found in considerable numbers. It seems 
though, with the reduction of sod-land, certain species must 
have been reduced in numbers. On the other hand, there is 
no doubt that the scavengers are more plentiful than formerly. 

PREDACIOUS AND PARASITIC INSECTS. 

One of the features of the insect fauna of the area is the 
great number of parasitic and predacious insects. Com- 
parisons with other parts of the country could not be made, 
but more species of insects of these types are found in old 
fields than in native grasslands. This probably points to an 
increase in number of individuals since settlement. 


INSECTS OF OLD FIELDS. 

Observations in various types of old fields show a definite 
seasonal succession. During the winter and spring months the 
CicadellidcC are most numerous in species. As the weather 
gets warmer many other species of Hemiptera and Homoptera 
appear. A “peak” of the spring insect complex is reached 
about June 1. At this point the sucking insects disappear to a 
great extent and the Orthoptcra, especially the Locustidse, 
become increasingly numerous. By the middle of September 
they form the dominant group. This seasonal succession is 
most evident in old fields which have reached the stage whem 
the greatest number of annuals are present. 

An interesting accompaniment of this seasonal succession is 
the gradual increase of predacious and parasitic forms to a 
“peak” which is reached about the first of October. 

In native grassland seasonal succession is not much in evi- 
dence. In fact, it seems that the Hemiptera and Homoptera 
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increase throughout the season, reaching a climax at about 
the same time as the Orthoptera. 

An ecological succession may also be observed in old fields. 
In the youngest stage the insect fauna is scanty at all seasons 
of the year except for a few forms which may appear in great 
numbers of individuals. The Locustidae often lay their eggs 
in such places, and the nymphs invade nearby cotton fields. 
Cicadellidae and Carabidae are abundant in late summer. 
If crotons are present there may be myriads of Cotton Flea 
Hoppers. With the coming of more annuals, the insect com- 
plex increases until a climax is reached with the start of the 
grasses. In old fields which have been taken by grasses the 
insect fauna is comparatively poor. This is especially true if 
Aristida sp. is the grass. The scanty insect fauna of such a 
field is as striking as the variety of insects found in old fields 
just before grasses gain the ascendancy. It would seem 
reasonable to conclude that settlement, by wiping out much 
of the original flora and introducing a new and more varied 
one, has at least changed the original insect fauna as to numbers 
of individuals of many species. 

INSECTS OF POST OAK WOODS. 

The insect fauna of the Post Oak Woods bears a curious 
resemblance to that of the old fields, especially that of the old 
fields which are nearly taken by grasses. The difference lies 
mostly in lessened numbers of individuals if those forms which 
feed on trees and shrubs be ignored. One interesting fact is 
that while the fields may be mostly bare of insect life in January 
and February, certain insects, especially Orthoptera, Coleoptera, 
and Hemiptera, may be found in the woods throughout the 
winter. The similarity of the insect complex may be due to 
the fact that many of the plants common in the fields may 
still be found in the woods. In other words, the Post Oak 
Woods are recent invaders of the grasslands, and true forest 
conditions have not yet developed. 
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ClC'ADIiLLID.K OF B RAZOS COUNTY. 

In the following list of Cicadellid® are included all the 
records of Texas species in the writer’s collection. This is not 
offered as a complete list of Brazos County species, for, because 
of the peculiar distribution of leafhoppers in the area, as will 
be pointed out later, new records are being added at frequent 
intervals. It is believed to be inclusive enough, however, to 
show the characteristics of the leafhopper fauna. No citations 
are given prior to the Van Duzee catalog. 

Agallia novella (Say), Carpet Grass in dense growth, Navasota Bottom. May, 
June, July. 

Agallia constricta Van I)., Most abundant in old fields which have reached the 
grass stage, but still contain many weeds. Alfalfa, Bermuda Grass, Burr 
Clover. April, May, June, August, November. 

Agallia sanguinolenta (Prov.), All old fields except driest, also on Alfalfa and 
Bermuda Grass; not abundant. Throughout year. 

Agallia uhleri Van I)., One of the few species taken in Aristida fields. Old fields in 
general. May, June. 

Agallia gillettei O. and B., Not known. Collected by H. C. Yingling. October. 
Agallia cinerea O. and B., Bermuda Grass. Only one indiwdual taken. August. 
Idiocerus nervatus Van I)., Willow. April. Collected by II. G. Johnston. 
Macropsis viridis (Fitch), Willow at edge of tanks. April, May, June. 
Bythoscopus robustus (Uhl.), Honey Locust. Frequently taken from coarse weeds. 
Throughout year. 

Oncometopia undata (Fab.), Cotton, coarse weeds in river bottom. Willow. 
April, July, September. 

Oncometopia lateralis (Fab.), Similar to O. undata, also on Alfalfa. Throughout 
year. 

Homalodisca triquetra (Fab.), Cotton, coarse weeds, Bottom Land. June to 
September. 

Aulacizes irrorata (Fab.), Cotton, coarse weeds, Willow. Bottom Land. April to 
October. 

Kolia bifida (Say), Bermuda Grass. Most abundant in Bottom Land. June to 
August. 

Kolia hartii (Ball), Old fields in grass. Aristida sp. Throughout year. 
Graphocephala versuta (Say), Alfalfa. Bottom Land shrubs e^d vines. T hrough- 
out year. 

Draeculacephala floridana Ball, Edge of Salt Lagoons near Point Isabel, Texas. 
Occurs on Monanthochloe littoris and possibly on the associated Salicomia 
ambigua. Not found in Brazos County. January, February. 
Draeculacephala ball! Van D., Bermuda Grass, in pine woods, Beaumont, Texas. 
Dect mber. 

Draeculacephala acuta (Walk.), Grass, especially Bermuda. May to July. 
Draeculacephala bradleyi Van I)., Grass on lawm. One specimen taken. December. 
Draeculacephala angulifora (Walk.), Mixed grass and weeds. Taken by It. J. 
Reinhard. September. 

Draeculacephala mollipes (Say), Grass. June to October. 

Draeculacephala minor (Walk.), Grass. May to September. 

Draeculacephala noveboracensis (Fitch), Grass; only one taken. June. 
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Draeculacephala sagittifera (Uhl.), Bermuda Grass, Gulf Coastal Prairie. At 
Angleton and Freeport extremely abundant on this grass. One specimen in 
Brazos County. Occurs also in Pine Woods at Beaumont, Texas. Throughout 
year. 

Draeculacephala reticulata (Sign.), Bermuda Grass, Oats, Burr Clover, Alfalfa, 
Old fields. Throughout year. 

Gypona octolineata (Say), Old fields where weeds and grass are rankest. Native 
grassland. May, June, July. 

Gypona melanota Spangb., Mixed grasses in old fields. June. 

Gypona angulata Spangb., Weeds in old fields. September. 

Gypona scarlatina Fitch, Collector unknown; not taken by writer. May and 
November (?) 1904. 

Gypona miliaris Stab, Mixed herbs and grasses, low places in old fields. Native 
grassland. August, September, October. 

Gypona resima Fowl., Mixed herbs and grasses; low places in old fields. May, 
June, July. 

Xerophloea viridis (Fab.), In grasses and herbs along south side of woods. Some- 
times within woods. Aristida sp., Native grassland. May to November. 

Xerophloea major Baker, As in X. viridis and also in alfalfa, Brazos Bott< ms, 
Aristida sp. Native grassland. May to November. 

Dorycephalus platyrhynchus Osb., Old fields, mixed grass and herbs in dry localities. 
September. 

Spangbergiella mexicana Bak., Collected from Post Oak by T. P. Remy; one 
specimen taken. January. 

Parabolocratus flavidus Sign., Mixed grass and herbs, old fields, low places. Native 
grassland. May to September. 

Mesamia straminea (Osb.), Collected by IT. C. Tingling. September, October. 

Mesamia palliolata (Ball), Wild sunflower, Dallas. Not taken in Brazos County. 
April. 

Scaphoidus sanctus (Say), Old field weeds. June. 

Scaphoidus immistus (Say), Old fields, weeds. June. 

Platymetopius cinereus O. and B., Grass in low places in old fields. Also grass in 
pine woods. Beaumont, Texas. Native grassland. Throughout year. 

Platymetopius frontalis Van D., Native grassland. May, June, July. 

Platymetopius loricatus Van D., Has been swept from grasses and also from cedar 
and Crataegus. Native grassland. March to November. 

Platymetopius magdalensis Prov., Grass in thick growth. September. 

Deltocephalus inflatus O. and B., Grass in low places. Throughout year. 

Deltocephalus weedi Van D., OKI fields of grass and low-growing herbs. Native 
grassland. Throughout year. 

Deltocephalus obtectus O. and B., Old fields of grass and weeds. Native grass- 
land. Throughout year 

Deltocephalus compactus O. and B., As 1). weedi. Throughout year. 

Deltocephalus flavicosta Stab, Grass in pine woods, Beaumont, Texas. January. 

Deltocephalus debilis Uhl., Low thick grass. September. 

Deltocephalus pyrops Crumb.; Crumb. Ann Frit. Soe. Amer , viii, p. 191, 1915. 
Platymetopius pyrops Van Duzee, Cat. Hemip. N. A. P. 365, 1917. Acurhinus 
pyrops Osborn, Ohio Jour. Sci., x\, p 159, 1920. The above synonomy is 
taken from “A Monographic Study of the North American Species of the 
Genus, Deltocephalus,” by Dwighi Moore DeLong, Ohio State University, 
University studies, vol. IT, No. 13, contributions in Zoology and Entomology, 
No. 3. 

Swept from mixture of weeds and grass. September. 

Aconura atropuncta (Gill.). 
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Euscelis obscurinervis (Stal.); Jassus (Thamnotettix) obscurinervis Stab, Eugenics 
Resa, Ins. Hcmipt., 1858, p. 293. Cicadula exitiosa Uhler, Am. Entom., 
Vob III, 1880, p. 72. Euscelis exitiosa Van Duzee, Catalog Hemip. North of 
Mexico, 1917, p. 655. Euscelis obscurinervis, Osborn, Ann. of the Carnegie 
Museum, Vol. XV, p. 412, 1924. The above svnonomy is taken from “The 
Leafhoppers of Ohio,” by Herbert Osborn, Ohio Biological Survey, Bull 14. 
Vol. Ill, No. 4, p. 291, Sept., 1928. ' ’ 

Bermuda Grass, Oats, Burr Clover, Alfalfa, thick short grass, especially 
in low places. Throughout year. 

Euscelis striolus (ball), i aken in sweepings from cotton, not taken in Brazos 
County. August. 

Euscelis bicolor (Van O.), Oats, old fields, Bermuda Grass, but not as extensively 
as E. exitiosus. Throughout year. 

Euscelis obtutus (Van D.), Short thick grass, mostly taken in Post oak woods. 
April, September. 

Euscelis sp., Throughout year. Frequently taken in winter on warm days. 

Euscelis sp., Short grass in a low place in old field. October. One specimen 
only taken. 

Eutettix pictus Van I)., From low shrubs in Pine woods. Beaumont, Texas. 
December. 

Eutettix seminudus (Say), Swep* from cotton in Falls County. August. 

Eutettix cinctus O and B., Old field, weeds and grasses. June. 

Eutettix strobi (Fitch), Weeds in old field. August and September. 

Phlepsius spatulatus Van !)., Navasota River Bottom, tangled dead weeds and 
small shrubs. December. 

Phlepsius excultus (Uhl.), Weeds at edge of woods. May, June, July. 

Phlepsius distinctus Lathrop, Grass and dewberry vines at edge of cultivated 
fields. Throughout year. 

Phlepsius pulchripennis Baker, Weeds in old fields. June. 

Phlepsius turpiculus Ball, Grass and vines. April to October. Taken also in 
Waller County, and at Beaumont in Pine woods. 

Phlepsius irroratus (Say). Grasses. June to September. 

Phlepsius collitus Ball, Grass and weeds in old fields. June. 

Acinopterus acuminatus Van D., Taken both in old fields and in Post-oak woods on 
grass and weeds. Alfalfa. Throughout year. 

Thamnotettix fitchii Van I)., Grass in low places m old fields. October. 

Thamnotettix nigrifrons (Forbes), Bermuda Grass. Widely distributed in many 
other grasses, Oats, Native grassland. Throughout year. 

Thamnotettix colonus (Uhl.), Swept from Oats, Bermuda Grass, Carpet Grass. 
Seems to prefer short thick-growing grass. Native grassland. Through* ut 
year. 

Chlorotettix spatulatus (). .nd B., Grass and weeds in old fields. May to October. 

Chrolotettix viridius Van D., Grasses and weeds m old fields, also in Post oak 
woods. Native grassland. June to September. 

Chlorotettix galbanatus Van I).. Grass and weeds in old fields. April to June. 

Neocoelidia tumidifrons G. and B., Swept from grass and \ -*eds. Augnst and 
September. 

Tinobregmus pallidus Osb., Swept from weeds in old fields. May to September. 

Cicadula sexnotata (Fall.), Found on grass, both in fields and woods; also on alfalfa 
and oats. Throughout year. 

Balclutha impicta (Van I).), Oats and grass. September and October. 

Eugnathodus abdominalis (Van D. ), Bermuda grass. Old fields, Aristida. March 
to December. 

Dikraneura abnormis (Walsh), On grass both in old fields and in Post-oak woods. 
Throughout year. 

Dikraneura fieberi (Loew), On grass m old fields and Post-oak woods. Ma\ k 
O ctober. 

Empoasca fabae (Harr.), Beets, Beans. January (0 to May. 

Empoasca sp., Swept from cotton in Falls C uinty. August.^ 

Erythroneura comes (Say), Wild grape, shrubs, and vines. Thioughout year. 
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Relation of Leafhopper Fauna of Brazos County 
to That of the Rest of North America. 

In the preceding list but nine species are recorded by Van 
Duzee (9) as occurring only west of the Mississippi River. 
About eighty species are recorded as occurring east of the 
Mississippi River. Fifty-one species of these are recorded as 
occurring in Florida. Turning now to Lathrop’s list of South 
Carolina species (3) we find fifty-seven of the Brazos County 
list recorded. Laying aside the question of the origin, the 
leafhopper fauna of Brazos County appears from the above 
records to be a part of that fauna whose center of distribution 
is the Mississippi Valley. The term “center of distribution" 
is used as defined by Transeau (8) in relation to plants, that is, 
as not implying that the Cieadellidae necessarily spread from 
the Mississippi Valley, but that the complex of ecological 
factors most favorable to the development of an extensive 
leafhopper fauna, both as to number of species and as to number 
of individuals, is located there. 

When first starting to collect Cieadellidae in this region, the 
writer expected to find many typically southwestern forms. 
That this has not been the case has been shown above. After 
all, when we consider the vegetation of the county and its 
relation to the eastern forests and to the prairie, it seems 
reasonable that the insect life would show more eastern than 
typically southwestern forms. 

Studies in the Present Distribution of Lkafhoppers 
in the County. 

In the attempt to gain as comprehensive an idea as possible 
of the leafhopper fauna of the county, the leafhopper complex 
of each of the following habitats has been studied: 

1. Native grassland 5. Oats. 

2. Old field. 6 Alfalfa. 

3. Anstida field. 7 Post-oak wood grassland. 

4. Bermuda grass 8. Leafhoppers of woody plants. 

This is an example of static or “pigeon-hole” classification 
of habitats. It seems about the only one possible considering 
the disturbed condition of the vegetation. While it would 
probably be possible for a plant ecologist to work out a genetic 
classification of the vegetation of the county, some of the plant 
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associations would not be large enough to be significant as 
insect habitats. 

In the discussion of the leafhopper complex of the above 
habitats, no attempt has been made to connect up each species 
of leafhopper with some particular habitat. The attempt has 
rather been made to give the conspicuous features of the leaf- 
hopper complex of each habitat and to show its relation to 
that of other habitats. 

NATIVE GRASSLAND. 

This association is of such limited extent that the leaf- 
hopper complex peculiar to it must have been considerably 
modified. One characteristic is noticeable, namely, the even- 
ness of distribution of species both throughout the field and 
throughout the season. This has been found to be true of no 
other habitat with the exception of the Post-oak wood grass- 
land. This can be explained by the fact that in these habitats 
the leafhoppers are not so exposed to the extremes of heat, 
light, and moisture. In the native grassland the grasses form 
a thick covering so that conditions are more equable throughout 
the year and throughout the field. 

Leafhoppers of the native grassland: Draeculacephala 
moll i pcs; D. minor; Gypona octolineala; G. miliaris; Xerophloea 
viridis; X. major; Platymetopius cinerius; P. frontalis; Delto- 
cephalus weedi; D. obtedus; D. compactus; Euscelis bicolor; 
Phlepsius irroratus; Thamnotellix nigrifrons; T. col onus; Chloro- 
tettix viridius; Eugnathodus abdominalis. 

At nearly any time from April to November any of these 
species may be taken in native grassland. The two species 
of Draeculacephala are usually the most numerous. T. nigri- 
frons is also abundant. E. abdominalis is very evenly dis- 
tributed throughout the field. None of these species are 
confined to this habitat. All have been taken in old fields and 
on weeds and grass in Post -oak woods. In the old fields, 
however, their distribution is very different. 

A number of other species have been taken in these fields. 
D. reticulata and E. obscurinervis are fairly common, but have 
never been found in such numbers as in Bermuda grass >r 
oats or in patches of grass in old fields. 
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OLD FIELDS. 

An old field is a very different habitat from the preceding. 
The following discussion applies to a field which has reached the 
stage where it has the maximum number of species of grasses 
and annuals referred to in the first part of this paper; in other 
words, just before the grass has become dominant. The grass 
is of a number of species, but the Aristidas appear early upon 
the drier situations, while Bermuda grass frequently forms 
almost pure stands in lower, moister places. 

Leafhoppers of old fields: Agallia comtricta; A. uhleri; 
Kolia hartii ; Draecnlacephala acuta; D. mollipes; D. minor; 
D. reticulata; Gypona octolineata; G. miliaris; G. resima; Xero- 
phloea viridis; X. major ; Scaphoidus sanctus; S. immistus; 
Plat ymcto pins cincrcus; P. frontalis; Deltocephalus injlatus; 

D. weedi; D. obtectus; D. com pad us; Euscelis obscurinervis; 

E. bicolor; E. obtains; Eutettix cinclus; E. strobi; Phlcpsius 
distindus; P. pulchripcnnis; P. turpiculus; P. irroralus; P. 
collitus; Acinoptcrus animinatus; Thamnotettix jitchi; T . nigri- 
frons; T. co/onus; Chlorotettix spahilatus; C. viridius; C. gal - 
banatns; Tenobregmus pallidus ; Cicadula sexnotata; Eugnathodus 
abdominalis ; Dikrancura abnormis. 

A number of other species have been taken, but these are 
the species most in evidence. 

The seasonal distribution is interesting. Beginning about 
the first of February, but varying from year to year according 
to temperature and moisture, there is a gradual increase in 
the number of individuals and of species as the season advances. 
D . reticulata , E. obscurinervis , and T. colonus are present all 
winter in good numbers. They show the first increase in 
numbers and are followed by I), mollipes , G. octolineata , E. 
bicolor , T. nigrifrons , C. viridius and C. sexnotata. These 
species do not always follow in the order given. Moisture 
is undoubtedly the controlling factor as it affects their favored 
food plant. In following an old field through a year the effect 
of moisture upon the leafhopper complex can easily be observed. 
In the spring the distribution of species throughout the field 
is comparable to the distribution in a field of native grass as 
regards species. Always, however, there are places in an old 
field where individuals are extremely numerous. As the 
season advances there is a gradual drying up of the higher 



Fletcher: Ecology of Texas Insects 


47 


1930] 


places in the old field and a corresponding decrease in leaf- 
hoppers until by the middle of July in average years these 
places will be devoid of leafhoppers. They may still be found 
in the lower places in the old field where the grass covering is 
densest. 

It should not be inferred that there is a migration from the 
drier localities to the more moist. This has never been observed, 
nor does there appear to be any increase of leafhoppers in the 
moister places as the season advances. These places show a 
marked uniformity of species and number of individuals through- 
out the year as compared with the rest of the old field. There 
is, however, a migration from the more favored spots to the 
rest of the field as soon as rains make them suitable for leaf- 
hopper existence. That this is true is shown by the presence 
of both nymphs and adults in the moister places and the 
gradual appearance of adults only in the drier places following 
improved moisture conditions. 

ARIS'I IDA VIVA Ds. 

Many of the old fields of the county have been taken by 
these grasses. They gradually replace the annuals and are 
probably the climax vegetation on certain soils. Especially 
noticeable in late summer and early autumn are the fields where 
Aristida purpurascens is dominant. Many of the annuals are 
in evidence in the spring, but they are greatly reduced in 
number of individuals. 

Leafhoppers of Aristida fields: Only seven species have been 
taken in pure stands of Aristida, Agallia ulileri; Kolia hartii ; 
Xerophloca viridis ; X. major; Thaimwtettix fitch ii , (one speci- 
men); Eugnathodus abdominal i\s; Dikrancnra abnormis. None 
of these species have ever been taken abundantlv enough to 
avoid the suspicion that they are accidentally present. E. 
abdominal is has been found to be the most numerous species 
in this habitat. 


BERMUDA GRASS. 

This grass was introduced into Texas in the INTO’s. It is 
now widely distributed both in the bottoms and upon the 
uplands. It spreads wherever the native grasses have been 
thinned out and there are opportunities for its runners to make 
their insidious advance. This grass can be found green in 
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sheltered places throughout the winter. It is drought-resistant 
and remains green all summer except in the very driest places. 
These two facts, together with its wide distribution, make it 
of the first importance as a food plant for many insects. Hem- 
iptera and Homoptera are especially abundant on it at times. 
This is particularly true of the Cicadellidai. 

Leafhoppers of Bermuda grass: Agallia constricta; Oncome - 
topia lateralis; Kolia hartii; K. bifida; Draeculacephala mollipes; 
D. reticulata; D. angulifera ; D. Acuta; D. minor; Gypona octo - 
liniata; Xerophloea viridis; X. major; Platymetopius frontalis; 
Thamnotettix nigrifrons; Euscelis obscurinervis; Phlepsius col- 
li tus; P. irroratus; P. distinctus; Acinopterus acuminatus; 
Chlorotettix viridis; Cicadula sexnotata; Eugnathodus abdominalis. 
A number of other- species might be named, but the above 
mentioned are the most characteristic. 

Several of these leafhoppers, i.e. Draeculacephala mollipes , 

D. reticula , Thamnotettix nigrifrons , Euscelis obscurinervis , 
Phlepsius irroratus , and Cicadula sexnotata are well-known to 
be pests of grains and grasses. Eugnathodus abdominalis is 
very abundant on Bermuda grass at times. D. reticulata and 

E . obscurinervis fairly swarm upon this grass. Without doubt 
it supports the greatest number of individuals, if not the great- 
est number of species, of any leafhopper food plant in the county. 
The number of D. sagitifera on Bermuda grass at Freeport, 
Texas, is amazing. This constitutes the heaviest infestation 
of leafhoppers yet seen by the author on any plant. Only one 
specimen of the species, however, has been taken in Brazos 
County. 

One characteristic of the Bermuda grass habitat is the 
many small parasitic Hyrpenoptera which find shelter in it 
throughout the winter. Whether they are parasites of Cicadel- 
lidae or not has not been determined, but certainly leafhoppers 
are the most numerous insects present. In fact, they are 
frequently the only insects taken in the bag after vigorous 
sweeping with the exception of the parasitic Hymenoptera 
mentioned. 


OATS. 

This crop is planted in Brazos County about the middle of 
October or before if there has been sufficient rainfall following 
the usual summer drought. It is generally used for grazing. 
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From the time the oats come up in the fall until about the 
first of May they are attacked by a number of species of 
Cicadellidac. In fact, the same species listed as characteristic 
of the Bermuda grass have been taken from oats. Their 
appearance upon oats, however, is quite different from that on 
Bermuda grass. This is one instance in which a definite 
migration from one habitat to another can be checked. About 
the time the oats are about three inches high Euscelis obscuri- 
nervis will be found. Then Draeculacephala begin to appear, 
closely followed by Cicadula sexnotata and Thamnotetlix nigri- 
frons . These will be abundant in the oats all winter. Even 
twenty-four hours of south wind and of sunshine, following a 
norther with a drop of 30 degrees F. or more, serve to bring 
them out in myriads. About the first of February several 
other species appear, increasing rapidly in numbers. Agallia 
ulileri , Eucelis bifida , Draeculacephala mollipes and D. minor , 
Phlepsius irroratus , Chlorotettix viridius , and sometimes Eugna - 
t hod us abdominalis are present in considerable numbers. All 
of these may be taken on the Bermuda grass which is almost 
always near. On the grass, too, many nymphs may be taken 
at nearly all times. Nymphs are quite scarce upon the oats, 
especially at any considerable distance from the grass. 

Euscelis obscurinervis is the most abundant form on the 
oats. They are followed by Draeculacephala reticulata and the 
Cicadula sexnotata. These three species are nearly always 
present in greater or less numbers upon oats throughout the 
season. 


ALFALFA. 

This crop is grown in Brazos County only in the Brazos 
River Bottom. It forms a dense covering in this situation 
and it is attacked by numerous species of lcafhoppers through- 
out the year. The leafhoppers, however, are most abundant 
in late fall and early spring. 

The leafhopper perhaps most evenly distributed through a 
year period is Empoasca fabcc. This, too, is probably the most 
abundant, though Agalha constricta is very plentiful at times, 
especially in the late fall. A. sanguinolenta has not been tak jn 
abundantly, but it is nearly always found and is of particularly 
even distribution over the field. Oncometopia lateralis is com- 
mon on alfalfa and sometimes is the most abundant species, 
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especially in the spring during March and April. Graphocephala 
versuta is found frequently, but nearly always at the edge of 
the field near weeds and vines. Acinopterus acuminatus is 
generally distributed throughout the fields. Chlorotettix viridius 
occurs frequently. Eugnathodus abdominalis is abundant at 
times and in restricted areas. 

Nymphs of nearly all these species are to be found, especially 
in the spring, but never in such numbers as are to be found 
upon nearby Bermuda grass. This is almost certain proof of a 
constant migration from this grass to alfalfa. 

One peculiarity of the Icafhopper complex is that though 
E. obscurinervis and I). reticulata and D. mollipes are taken, 
they are never so abundant as they are upon Bermuda grass 
and oats on the upland. 

POST-OAK WOODS GRASSLAND. 

This grassland consists to a considerable extent of the 
same grasses found in the open fields. Andropogon furcatus , 
A. si oparius, A. \ accharoidcs, Aristida sp., and many others 
are found scattered throughout the wooded area. The same 
annuals, too, are present. Even the crotons are found in spots. 
None of the annuals, however, assume the dominance common 
in old fields. It is probable as before stated that true forest 
conditions have not yet developed over a great deal of the 
wooded area in the county. 

Leafhoppers of post-oak woods grassland: Draeculacephala 
mollipes; D. minor; Xerophloea viridis; X. major; Platymetopius 
(increus; Deltocephalus weedi; D. compactus; Thamnolettix col- 
onus; Eugnathodus abdominalis; Phlepsius irroratus. 

This complex resembles that of the native grassland in 
species content and in the quite even distribution. D. recticu- 
lata, E. obscurinervis have not been taken, however, in the 
Post-oak woods grassland. Neither have any of the species 
named in the complex ever been taken in any considerable 
numbers. This complex probably represents a relic of the 
former leaf hopper fauna of the county. 

WOODY PLANTS. 

Only eight species of leafhoppers have been taken from 
woody plants, such as shrubs, trees, and vines. As the forest 
grows more scanty toward its western limit, the species inhabit- 
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ing the woody plants peculiar to the forest will grow less. Even 
though the favorite food plant may be present, it may be in 
such scattered numbers that the factors of moisture, heat, and 
light may be unsuited to the insect. The texture of leaves may 
grow more tough and resistant to insect attack due to the 
arid conditions. The chances, too, of migration become less as 
the host plant becomes less frequent. 

Leafhoppers of woody plants: Idiocernus nervatus (willow); 
Macropsis viridis (willow) ; Bythoscopus robustus (Honey locust) ; 
Oncomdopia undata (willow, poplar, cottonwood, many shrubs, 
cotton, and vines); O. lateralis (as in the case of the preceding); 
Aulacizcs irrorata (as in the preceding) ; Graphoccphala versuta 
(as in the preceding); Erythroncura comes (Cretagus, youpon). 

Ork.twl Character or the Leafhopper Fauna. 

Whatever the character of the vegetation of Brazos County 
before settlement, it undoubtedly presented a more uniform 
type of plant distribution than at present. That the grasses 
predominated is certain. There were many annuals mostly in 
evidence in the spring and early summer. These, however, 
did not occur as pure stands of annuals, that is, where one 
annual followed another throughout the growing season. This 
points to a more even distribution of leafhoppers than occurs 
at present. That this is true is shown by the leafhopper com- 
plex of a field of native grasses. By the term native grasses 
is meant a field which has never been plowed or overgrazed. 
The writer finds it impossible to point to any one group of 
leafhoppers as probably dominant before settlement, unless the 
leafhoppers of these fields are representative of the original 
complex. Probably there was no particularly dominant group 
but an even distribution of species and individuals throughout 
the area. Of course, there was a gradual elimination of certain 
species as the drier situations were approached. 

Influence of Settlement Upon Oric.inal Leafhopper 

Fauna. 

Settlement affected the vegetation through grazing and 
through agriculture. At first it is not likely that grazing had 
much effect, but as more and more of the land was fenced and 
more cattle concentrated on any given area, the palatable 
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grasses were destroyed and old field vegetation took its place. 
Plowing destroyed the original vegetation at once, and when, 
after a few years devoted to growing cotton, the land was 
abandoned, the annuals from the old fields speedily came in. 
In the place of the former grassland appear great areas in which 
seasonal succession of annuals takes place. 

We have discussed the probable original evenness of the 
leafhopper distribution. Agriculture undoubtedly broke up 
any such evenness. In a drive from College Station south to 
Navasota, a distance of twenty-six miles, all the habitats 
discussed previously, with the exception of native grassland, 
may be seen. Even this is approximated along the railway 
right-of-ways. It is easy to demonstrate the difference between 
the leafhopper complexes of these various habitats at any 
given time of year. It is also easy to see that these habitats 
are the result of settlement. Habitats which may be separated 
by only so much as a fence are totally different from a fioristic 
and faunistic point of view. This difference did not exist before 
settlement. 

Certain species have increased as to number of individuals 
because of the changed conditions. Euscclis obscurinervis was 
probably one of these, as were also Draeculacephala reticulata 
and Cicadula sexnotata. This is thought to be true because of 
the increase in areas of short grass such as Bermuda and of 
other grasses kept short by grazing. In such places and in 
oats these species arc extremely abundant. 

On the other hand, it seems probable that many species of 
Phlepsius, Gypona, Platymetopius, and Deltoccphalus have 
decreased in number of individuals. At the present time these 
are widely distributed, though but one or two species and few 
individuals of these being taken at any one place. They are 
still abundant but in nothing like the numbers common to the 
species discussed in the preceding paragraph. 

Another way in which agriculture has affected the leafhopper 
fauna is in the decrease of suitable breeding places. Formerly, 
under the conditions of even distribution of grasses, it is probable 
that leafhoppers bred over the whole region. Now, if collecting 
is carried out over an old field at regular intervals, it is readily 
seen that breeding is restricted to certain areas. These areas 
are usually the lower places in the field as it is there only that 
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nymphs are taken. There still remain, however, a sufficient 
number of breeding places that there has most likely been no 
decrease of species within the area. 

Summary. 

Brazos County, Texas, while located in what is usually 
referred to as the Post-oak Region, was at a former time, 
nevertheless, dominated by grasses. The grasses occurred in 
almost pure stands except that in the spring there were many 
flowering annuals. 

Settlement through overgrazing and agriculture broke up 
the original flora. In this way many annuals which once 
occurred scattered throughout the region were allowed to 
assume dominance. Thus was brought in typical old field 
vegetation. The breaking up of the original flora affected also 
the insect fauna in that it made conditions favorable fot the 
increase of certain species. 

The CicadellidcT of the county are a part of the leafhoppcr 
fauna of the Eastern United States with the addition of a few 
southwestern species. 

There are at the present time various habitats each with a 
characteristic leafhopper complex. 

The Cicadellida? were formerly distributed evenly over the 
area. 

Agriculture has broken up the original evenness of dis- 
tribution. It has also introduced Bermuda grass and oats, 
and it has permitted certain species to increase enormously 
in number of individuals. By destroying the original grass- 
land, it has at the same time decreased the number of indi- 
viduals of certain other species. It probably has not changed 
the original number of species in the area. 
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EXPLANATION OF PLATES. 

Plaik I. 

Fig. 1. Original Post-Oak Forest. 

Fig. 2. Present Post-Oak Forest which has practically replaced original type. 
Fig. 3. Prairie formation on black land. Principal grasses, Andropogon junatus 
and .1 . scoparius. 

Plate IT. 

Fig. 1. Old field. Croton Weed. 

Fig. 2. Old field. Bittcrweed. 

Fig. 3. Andr<>pogou scoparius and A. saccharoides along railway right-of-wav. 
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STUDIES IN THE ECOLOGY OF FOREST COLEOPTERA.* 


Serai and Seasonal Succession of Coleoptera in the Chicago 
Area, With Observations on Certain Phases 
of Hibernation and Aggregation. 


Orlando Park. 
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The region in the vicinity of Chicago, Illinois has been 
described previously by vSalisburv and Alden (1899), Cowles 
(1901), Shelford (1913), and more recently by Fryxell (1927), 
among others. In general, Cowles noted (p. 8) that this area 
has “three great vegetation types: the mesophytic upland 
forests of the morainic clays, the hydrophytic lakes and swamps 
or mesophytic prairies of the Chicago plain, and the xerophytie 
forests of the dunes and beaches.” 

The upland forest sere in the Chicago area was shown to be 
composed of a number of well-defined plant communities by 
Cowles (1S99, 1901). Such a succession is shown in the sand 
dune region of northern Indiana, where, beginning with the 
xerophytie beaches, these areas are captured by pioneer sand- 
binding herbs and shrubs, eventually forming sandy fore-dunes. 
The fore-dunes are succeeded by cottonwood assoeies, which in 
turn give way to conifer assoeies. These latter are replaced 
by black oak assoeies which mark the end of the sere in many 
parts of the dunes, but in other areas these pioneer forests are 
replaced by a /rrfxed oak-elm-hickory sub-climax forest. The 
ultimate climax of the sere, in this area, is a beech-sugai maple 
association in the Indiana, and a sugar maple association in the 
Illinois, sections of the Chicago area. 

The work of Cowles has been greatly extended by that of 
his students. Recently, Graham (1927) found this succession 
to hold for the fungi. Shelford (1913) found a correlation 

*In this series of papers, I wish to acknowledge the aid and criticism of ^r. 
W. C. Alice, of the University of Chicago; of Mi. J. A. Maxwell, of the Pilcher 
Arboretum, Joliet, Illinois, and Mr. W. J. Gerhard, Mr. Emil Liljcblad, and Mr 
A. B. Wolcott, of the Field Museum of Natural History, for manv favors, especially 
the determination and checking of species of beetles. 


57 



58 Annals Entomological Society of America [Vol. XXIII, 

between plant and animal species in the forest sere and outlined 
serai or community succession especially with insect material, 
e.g. Cicindela (pp. 218-201). His studies have been extended 
most recently by Holmquist (1920), so that the biotic character 
of the upland forest sere is clearly defined for each major 
community. 

In the present study, beginning with April, 1922, and run- 
ning through December, 1928, 243 field trips have been made 
in the upland forest sere. For the last six and three-quarter 
years (81 months), an average of three trips per month has 
been maintained. Since March, 1920, 108 days have been 
spent in the field, or an average of 4.9 days per month, so that 
sufficient time has been spent in the field to obtain the rough 
outlines of the beetle communities of the area studied. Of 
the 213 trips, a majority, e.g. 140, were to the dune area study- 
ing the pioneer communities of the cottonwood, conifer and 
black oak; 29 trips were made to the subclimax oak-elm -hickorv 
communities; and 3(5 trips were taken to the climax maple and 
beech-maple associations. The time spent in the field was 
distributed differentially, viz. roughly 7 r ( of the trips were 
made in the winter months, 31% in the spring, 40 f \ in the 
summer and 23% in the autumn. 

During this time 592 species and varieties of beetles have 
been observed and some 5000 specimens mounted for determi- 
nation. This material represents, in round numbers, about 
10,000 ecological records. These species have been arranged 
after the checklist of Leng (1920, 1927), and, thanks to the 
specialists mentioned, have been determined as accurately as 
possible. The material had been frequently rcchecked by 
these workers, and checked again by the writer. These species 
constitute approximately one-third of the total number of 
species of beetles found in the Chicago area, and have been 
incorporated elsewhere into an ecological and taxonomic list, 
together with the available data on locality range, seasonal 
range, habitat niche, and hibernation data.* 


*Park, 0. “Ecological Check-list of the Coleoptera of the Chicago Area/' 
(to be published). 
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I. Seral Succession in the Chicago Area. 

This first section attempts to show that there is a beetle 
sere corresponding to the upland forest sore in the vicinity 
of Chicago. Six well-defined communities of beetles were 
studied : 

(1) . Those species found associated with the strand of Lake 
Michigan, e g., the sandy depositing shore, including the lowoi beaeh 
complex and foredunes from Tremont, Indiana, to Waukegan, Illinois 

(2) . The pioneer cottonwood associes of the Indiana dune region 

(3) . The pioneer conitei associes of the Indiana dune region and 
the Illinois dune region 

(4) The pioneer oak associes in the Indiana and Illinois dune 
regions; at Edgebronk, Illinois; at Palos Park, Illinois, and a poition 
of Glenview, Illinois 

(5) The sub-climax oak-elm -hickory-basswood associes at River- 
side, New Lennox, Ldgebrook, and portions of Palos Paik and Glenview 
(Illinois); the “dune climax” at Ogden Dunes, Indiana, and a pari ol 
Tremont, Indiana, with comparative data from the blufis oi the 
Sangamon river near Springfield, Illinois 

((>). The climax lorest association at Joliet, Illinois (sugar maple b 
Michigan City, Indiana (young bccch-maplc/. Smith, Indiana, and 
Lakeside, Michigan (mature beech-maple). 


These are the chief areas studied and a more complete list 
of localities will be found in the cheek-list mentioned previously. 

In the following table (Table I) the 392 species and varieties 
are separated into their respective 3(5 families, and the distribu- 
tion of each family in the major communities is shown. 

In this table the number of species refers to the imago 
only, and the total number on the left represents those species 
of Coleoptera collected in the upland forest sere of the Chicago 
area, in the cSl months in which this survey was made. 
Obviously, many species are not represented which undoubtedly 
occur, and many more were collected but the material has 
not been satisfactorily identified. 
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TABLE I. 

Distribution of Species by Families. 


Family 

Total 

Species 

Cotton- 

wood 

Conifer 

Black 

Oak 

Sub- 

Climax 

Climax 

Beach 

Complex 

Cicindelidae 

9 

1 

2 

3 

1 

3 

7 

Carabid® 

123 

5 

5 

46 

43 

39 

89 

Hydrophilid® 

1 

1 


1 


1 

1 

Leptinid® 

1 



1 




Silphid® 

12 



4 

3 

7 

3 

Orthoperid® 

1 




1 

1 


Staphylinid® 

Pselaphid® 

34 

1 

2 

2 

G 

1 

10 

17 

13 

Clavigerid* 

1 





1 


Scaphidiid® 

4 



1 

1 

3 


Histerid® 

17 

3 


6 

3 

7 

11 

Lycid® 

1 






1 

Lampyrid® 

4 



4 

2 

1 

2 

Cantharid® 

10 

2 


5 

7 

3 

1 

Melyrid® 

4 



3 

2 



Clerid® 

7 



4 

2 

1 


Corynetid® 

Oedemerid® 

2 

l i 

1 



1 

1 



Morddlid® 

14 



9 

9 

4 


Meloid® 

5 


1 

3 

1 

1 

1 

Pyrochroid® 

1 





1 


Pedilid® 

5 

2 


2 

3 


2 

Anthicid® 

1 

1 





1 

Elaterid® 

22 

1 

G 

8 

6 

9 

G 

Eurnemid® 

2 





2 


Buprostid® 

12 

1 


7 

2 

1 

3 

HWodid® 

2 

1 


1 




Detmestid® 

3 




2 


1 

Ostomid® 

2 




1 

2 


Nitidulid® 

12 

1 


4 

G 

5 

3 

Monotomid® 

2 



2 


1 


Cucujid® 

8 


2 

G 

2 

2 


Erotylid® 

9 



9 

5 

5 


Cryptophagid® 

8 


1 

1 

3 

8 


Mycetophagid® 

2 



, 1 

1 

2 


Colydiid® 

3 


1 

3 

2 

2 


Mycetaeid® 

1 




1 

1 


Endomychid® 

2 



1 

1 

1 


Coccinellid® 

23 

6 

1 

13 

10 

6 

18 

Alleculid® 

5 



4 


1 


Tenebrionid® 

T 

11 

1 


6 

3 

8 


Melandryid® 

7 

1 


5 

1 

3 

1 

Anobiid® 

1 



1 




Lyctid® 

1 



1 




Cisid® 

1 



1 




Scarabaeid® 

36 

6 


14 

4 

12 

19 

Trogid® 

4 



1 



3 

Lucanid® 

5 



1 

1 

2 

3 

Passalid® 

1 




1 

1 


Ccrambycid® 

37 

3 


16 

15 

6 

5 

Chrysomelid® 

82 

9 


42 

19 

18 

35 

Mylabrid® 

1 



1 




Brentid® 

1 



1 

1 



Platystomid® 

1 



1 




Curculionid® 

24 

2 

1 

7 

6 

3 

13 

Scolytid® 

2 

1 

1 
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The material in Table I may be conveniently condensed as 
shown in the following table : 

TABLE II 


PbRCTN I AGE Ob vSppCIFS FOUND IN 1HI MaTOR CoMMUMlIiS. 


Comm uni i y 

Splcies 

Pbkcr NT AGE 

Ol 

OCC ITRRhNCL 

Fir i d 
Trips 

Total for sere 

592 

100 00% 

243 

Beach community 

242 

40 87% 

140 

Pioneer Cottonwood 

50 

8 44%, 

140 

Pioneer Conifer 

23 

3 88* i 

140 

Pioneer Oak 

249 

42 06% 

140 

Sub-climax 

183 

30 91%, 

29 

Climax 

192 

32 43* „ 

36 


From the above tables we find that the pioneer conifer 
associes has the smallest beetle fauna. Among the deciduous 
communities, the pioneer cottonwood associes has the fewest 
species, and the apparent peak comes in the black oak associes. 
This, however, is probably not true, as a comparison of each 
community with the number of field trips indicates. On this 
basis we see that if 140 trips weie made to each deciduous 
community the peak would come in the subclimax, and the 
communities of beetles, arranged in the order of increasing 
number of species, would be as follows: cottonwood, black oak, 
climax, sub-climax This is in accord with Shelford (101.4, 
p. 247) who found the greatest number of species of animals 
in the sub-climax co 1 imunities. 

Taking the total number of species of beetles for each 
community, it is interesting to note a differential distribution 
by speeies. Such a distribution through the upland forest 
sere indicates that each community has a well defined beetle 
fauna, and consequently suggests serai succession. 

That such succession exists can be further shown in a num- 
ber of ways. 

SERAL SUCCESSION INDICATED BY INDEX SPECIES. 

It is convenient to indicate serai succession by means ol a 
few species, rather than by treatment of each community at 
length. At least three ecological concepts of index species 
have been developed with respect to community study: 
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1. Predominant Species. This has been recently 
developed by Shelford and his students, and due to its many 
categories, requires, presumably, a great amount of data on 
the ecological interrelationships within a community. This 
method is not used here as the data gathered are not sufficient, 
in the writer’s opinion, to accurately place the species studied. 

2. Characteristic Species. We may cite the following 
species of Coleoptera as characteristic for the major com- 
munities studied : 

The Beach Complex. -This has been described by Shelford 
( 1 913) among others and for our purposes falls into two cate- 
gories: first, those species inhabiting the sandy areas of the 
beach and foredunes, merging into the bare sand areas of the 
cottonwood associes; secondly, the beach drift. The beach 
drift will only be mentioned here as its treatment logically 
belongs in another category, viz. that of seasonal succession. 
The species of beetles inhabiting the bare sand areas of the 
beaches are generally few in number, are addicted to hiding 
beneath logs and stones or burrowing in the substratum, and 
frequently are light in color. They arc usually carnivorous. 
We may mention here the diurnal, predaceous tiger beetles, 
such as Cicindela re panda Dej., C. cuprascens macro Lee., 
and C. lepida Dej. treated by Shelford (1913); the nocturnal 
carabid, Geopinus incrassatus (Dej.), which has been observed 
by Chapman and his colleagues (1920); and the small, pale 
anthicid, Amblyderus pollens (Lee.). 

The Pioneer Cottonwood. — We may mention here, as charac- 
teristic forms, the cottonwood cerambyeid, Pleclrodera scalator 
(Fab.); the leaf beetles of the cottonwood and willow foliage, 
as Lina lapponica iLinn ), L. scripta (Fab.) and Disonycha 
quinquevittata (Say). 

The Pioneer Conifer. — More time is needed for a better 
evaluation of this sand dune community, but we may mention 
as characteristic the bark beetle, Ips grandicollis (Eich.). 

The Pioneer Black Oak. — A great many species could be 
noted here, however a few will suffice, e.g. adults of Cincindela 
scutellaris lecontei Hald., the ground beetle, Carabus serratus 
Say, often taken under sod at the base of Quercus velutina 
during the day, and probably hibernating in the forest floor of 
this community; the spiderwort leaf beetle, Lema collaris 
Say, and the dogbane leaf beetle, Chrysochus auratus (Fab.). 
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The Subclimax Mesophytic Forest. — Here, for general pur- 
poses we can combine the flood-plain silt climax and the oak- 
elm-hickory upland associes. Again many species could be 
given, of which we may mention the ground beetle, Carabus 
maeander Fisch., taken about the soft sod at the base of elm, 
ash or hickory and hibernating in situ . Platynus affinis (Kby.), 
and many Chlaenius , such as C. aestivus Say, roam the floor by 
night and are found under logs and stones on moist soil during 
the day usually; often grouped together, and frequently Ihe 
same earabid species being taken in a certain habitat niche 
time after time, although other, apparently similar situations 
are un tenanted nearby. 

The Climax Associations. — As will be shown at another 
time, a number of characteristic species occur in the climax 
communities. Here occur a large majority of mycetophagous 
Coleoptera and others associated with fungi in varying degrees 
of complexity. A great many species inhabit these communities 
during the winter months, also, coming in and occupying 
hibernacula in the floor. Among those species characteristic 
of the climax is the green tiger beetle, Cicindela sexguttata 
Fab. which hunts by dav, spends the nights under logs or 
elsewhere on the floor, and hibernates beneath bark, etc., the 
snail-eating earabid, Sphaeroderous lecontci (Dcj.;, the minute* 
cryptophagid, Tomurus pulchcllus Lee. of the leafy floor debris, 
and the tortoise leaf beetles, as Chirida guttata (Oliv.), Metriona 
bivittata (Say) and M. purpurata (Boh.) which also move into 
the floor from higher strata at the approach of cold weather. 

Thus we have, as might be expected, species which represent 
each well defined upland forest community. Such species 
may or may not be abundant, and may occur elsewhere, but to 
the ecologist, characterize the community as surely as would 
the dominant vegetation. 

3. Unique, oh Peculiar Species. Many characteristic 
species tend to occur in one type of community only, limited 
by some requirement of food usually, or of reproduction possibly. 
Thus we may mention the cicindclid, Cicindela lepida Dej. 
of the beach complex, the cerambycid, Plectrodera scalato*' 
(Fab.) of the cottonwood associes, Cicindela sexguttata Fab 
of more mesophytic floors among many other examples. 

Obviously peculiar species may often be characteristic for a 
community but occasionally are so rare or obscure that they 
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are seldom seen. Again, it should he recalled that peculiar 
species are often peculiar to a special food or habitat niche 
rather than the community as a whole and consequently are 
introduced into other communities with the transfer of their 
niche by accident or through economic agencies. 

An analysis of the data on 592 species and varieties of 
Coleoptera gives 22 species as occurring only in the cottonwood 
associes, 5 species found only in the conifer associes, 131 species 
restricted to the black oak and oak associes, and 73 species 
peculiar to the mesophytic climax associations. These figures 
drawn from a study covering (SI months only suggest the 
general outlines of the beetle sere. Further study would give 
additional peculiar species, and also show many of our so-called 
peculiar forms to be found commonly elsewhere. More time 
spent on this phase of the survey would probably yield higher 
numbers of peculiar forms and correct for those whose records 
are due to chance wandering, and whose proper habitat is 
elsewhere. This would be especially true for the pioneer conifer 
associes. It is fully recognized that there are all degrees of 
distribution between these 4t peculiar ” species and the wide- 
ranging forms which occur throughout the sere, e.g. the ground 
beetle, Galerita janns Fab., and the small staphylinid, Erchomns 
ventriculus (Say), which may be taken in any or all of the 
communities, the former on the floor under objects by day, 
active by night and passing the cold months beneath bark; 
the staphylinid occurring beneath bark of practically all of 
the trees of the forest, generally in the earlier stages of log 
succession, especially between loose bark and moist sapwood. 

There are a number of factors which tend to materially 
alter the normal fauna of an associes: (1) the inevitable stray- 
ing of species from their normal ranges, whether involuntary or 
driven by winds, etc. This applies especially to the cottonwood 
associes where its proximity to the beach complex raises the 
total number of species. (2) The distribution of dung-inhabit- 
ing, and coprophagous species, e.g. Sphaeridium scarabaeoides 
(Linn.), Onthophagus hecate Panz., Aphodius fimetarius (Linn.), 
A. distinctus (Mull.), Geotrupes splendidus (Fab.), and of 
carrion inhabiting and saprophagous species, e.g. Silpha inae- 
qualis Fab., S. noveboracensis Forst., species of Necrophorus , 
Histeridae, and Staphylinidae, throughout the entire sere. 
(3) The species which consort along moist margins of streams 
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and ponds, e.g. many species of Platynus and Chi annus , many 
Bembidini, and those inhabiting meadow margins and secondary 
associes, as pastures, e.g. Badister pulchcllus Lee., Calleida 
punctata Lee. and many Chrysomelidie, etc. tend to swell the 
number of species of a forest community, notably along the 
tension zones or ecotones. 

II. Season \l Succession in hie Ciikaoo Area. 

The present section will attempt to show seasonal succes- 
sion of Coleoptera in the Chicago area throughout the year, in 
addition to certain special aspects of seasonal activity. 

The average ecological year may be broken conveniently 
into at least two periods, that is, the late autumn-winter- 
early spring period, and secondly, the late spring-summer- 
early autumn period. In the former the foliage is scanty or 
absent in the deciduous communities, the mean temperature is 
low, and the daylight intensity is low but the floor illumination 
is relatively high due to the small amount of shade. In the 
second period, the amount of forest floor shade is greatly 
increased in the deciduous communities, the daylight intensity 
has increased, the mean temperature is higher, and there is a 
relative increase in the length of day over night, to mention 
only a few differences. With these changes there is an equally 
sharp change in the distribution and behavior of beetles inhabit- 
ing such an upland forest sere. 

The same general condition is found if the four seasons are 
considered. However, in this case the spring for period of 
foliation, of emergence from hibernation, and the beginning 
of migration) is in sharp contrast with the autumn (or period 
of defoliation, and of entering into hibernation). Thus the 
average ecological year presents four well defined seasons, with 
the vernal and autumnal periods of activity altering the aspect 
of the average cycle, e.g. the cycle in deciduous forests which 
have as their relatively static phases the presence and absence 
of leaves. 

By breaking the seasons into months, wc find that there is a 
regularity of beetle distribution throughout the year, out 
certain forms occur regularly certain months, or in certain 
definite fractions of a given peri >d. The result is a regular 
suceession of beetles as well as a rise and fall in the numbers of 
individuals of a species. 
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TABLE III. 

Seasonal Distribution of Families, B\sed on Records of 
Active Species of Coleoptfra. 


F \MI1 \ 

Total 

Species 

Jan. 

Feb. 

Mar 

Apr. 

Ma\ 

JUNF 

JULV 

Auo. 

Sep. 

Oct. 

Nov. 

Dec. 

Ok mdelida 

11 




3 

7* 

4* 

5 

5 

4 




Carabidae 

122 


1 

14 

37 

65 

56 

40 

36 

39* 

28 

11 

3 

Hydrophilida? 

1 




1 

1 




1 

1 



Leptimdae 

Silphidee 

1 

12 



3 

4 

1* 

4 

5 

2 


1 



Orthopendfle 

1 





1 


1 






Staphylimdae 

34 



3 

15 

22* 

10 

7 

3 

4 

7 

2 


Clavigei id® 

1 





1 








Scaphididae 

4 





1 

2 



1 

1 



Histr rid® 

16 



3 

5 

10 

10 

2 

5 

1 




Lytldffi 

2 






1 



2 




Lampyrid® 

4 





1* 

1 

4 

2 


1 

1 


Cant hand* 

n 





2 

8* 

4 

3 





Melvnd* 

4 





1 

1 

2 

2 





('lend® 

7 





1 

3 

4 

1 





Cory net id® 

3 




1 


1 

1 



1 



Oedemerid* 

2 





1 

2 

1 






Mordellida 

14 






7 

10 

4 





Meloid* 

3 







2 

1 

1* 


1 


Pyrochroid® 

1 







1 






Pedilid® 

5 






3 

2 

1 

1 




Anthiud* 

1 





1 


1 






Elaterid® 

22 



1 

9 

9 

3 

5 


3 

1 

2 

* 

Eucnermd® 

2 





1 

1 







Buprestid® 

12 





1 

3* 

8* 

2 

1 




Hclodid* 

2 





1 

j 

1 

1 



1 


Dermcstid® 

4 






i 3 



1 




Byrthid® 

1 





1 








Ostormd® 

2 




1 

2 




■ 




Nitiduhd* 

12 



1 

5 

4 

3 

3 

3 

3 

1 



Monotomid® 

2 





1 


1 






Cucujul® 

10 



1 

6 

4 


2 


3 

3 

1 


Erotyhd® 

q 




9 


3* 

5 

1 





Cryptophagidae 

8 



1 

5* 

8* 

2 


2 





Mycetophapid® 

2 




1 

1 

1 

1 






Colvdud® 

Mycetaeidae 

3 

1 



2 

2 

1 

1 


1 




1 

1 

Endomvchid® 

2 



2 

1 









Coctinolhd® 

23 


1 


8 

13 

4 

11 

13* 

5 

8 

4 

1 

Alletuhd® 

3 



— 



2 

4 






Tenebnonidfe 

11 




5 

7 

3 

5 

2 

1 

l~ 

1 


Melandryid® 

7 




2 

2 

3 

3 

1 


1 


1 

Lyctid® 

1 







1 






Cisid® 

1 




1 









Scarabacid® 

40 



2 

6 

16 

21 

10 

6* 

12 

2 

1 


Trogid® 

4 






1 

1 

3 

l 




Lucamd® 

4 




2 

3 

1 

2 

1 

1 




Passalidae 

1 




1 



1 



1 



Ceram bvcidae 

39 




1 


18* 

19* 

9 

5 




Chrysomehdae 

90 



S 

lo 

40* 

39* 

37* 

27* 

12 

11 

4 

5 

Mylabndae 

Brentid® 

! l 
l 


1 




1 

1 

1 






Curcuhomd® 

24 



1 

4 

7 

8 

7 

10 

9 

1 

2 


Scolytid® 

2 




1 


1 








Observed in copulation. 
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It is further found that an assemblage of species, eg a 
family, may in some cases follow a definite cycle of activity, 
that is, a period of low activity in which the species are hibernat- 
ing, or have otherwise disappeared and few or none are ac tive. 
This is followed by the gradual and regular appearance of 
species, one after another, together with a gradual increase in 
individuals. This increase in activity to a peak occurs with 
many species in the spring or summer, but in some in the 
autumn, e.g. many lampyroid and cantharoid species and 
certain of the Meloidae. Finally the number of active species 
grows fewer or even disappears entirely, as the individuals 
migrate, die or go into hibernacula at the approach of cold 
weather Such a rhythmic distribution is indicated for the 
Coleoptera in the Chicago area in Table III. 

In Table IV the number of active species appearing each 
month is given, and their percentage values with respect to 
the total number of species available with seasonal data 


TABLE IV 

Si vsowi Distriiu tion or Si>i c h s oi Acu\r Bern i s in ihi Chic ac.o Aw a, 
and Pi RchMu.r Vai ues 


otm SrrtiFs 

Jan 

FrB 

M \R 

Apr 

May 

JlJNL 

Jim 

Auc 

S*p 

Oci 

\o\ 

G10 


3 

43 

145 

238 

235 

222 

146 

111 

70 

32 

100 00' 6 


' 4-1 

1 

7 

22 

JO 

38 5 

30 3 

29 3 | 

!S 1 

11 4 

5 2 | 


These figures give a regular curve (Graph I, A) which tends 
to show the maximum during May. Such a peak suggests a 
possible close correlation with the development of foliage, e g. 
food plants, rather than with such factors as temperature, 
daylight intensity or relative length of day over night, humidity 
and other factors reaching their maxima later in the year in 
this region. The maximum number of species appearing in 
May apparently represents an optimum of a number of factors, 
however, including a larger amount or variety of freshly 
developed foliage, and a favorable range of temperature and 
humidity. To this list daylight intensity may need to be 
added as a direct factor, as well as a factor influencing leaf 
development and modifying temperature and humidity changes. 

These data certainly indicate regular seasonal distribution 
in beetle sere, as has been shown by Fritsch ( 18 , > 1 , a, b) for 
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Coleoptera in the vicinity of Prague, and by other later investi- 
gators. 

The Beach Drift as a Seasonal Calendar . — Seasonal regularity 
under normal conditions is well known for organisms in general, 
and in this report any community studied (save the pioneer 



Graph T. Seasonal Distribution of Active Coleoptera in the Upland Forest Sere 
of the Chicago Area, based on data collected for SI months, from April, 1922, 
to December, 1928, with the seasonal distribution of various factors for the 
same period where possible. 

A. Seasonal distribution of active species. 

B. Mean monthly temperature for Chicago (1926, 1927, 1928). Courtesy 

of the University Observatory and Chicago Weather Bureau. 

C. Mean monthlv relative humidity for Chicago (1926, 1927, 1928). 

Courtesy from above stations. 

D. Radiant energy in gram-calories. Courtesy from above stations. 

E. Percentage of Field Trips taken each Month. 


conifer associes) could be used to show the advance in the 
monthly cycle. The beach complex is especially adapted to 
our purposes however, since it is highly concentrated within a 
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limited area, and we have found the beach drift to be a bio- 
logical calendar in consequence of this periodicity. 

Thus a part of the fauna is blown into the lake (Lake 
Michigan) and eventually aids in the formation of the lower 
beach drift, often a few days after its appearance in its regular 
habitat. In the drift it becomes the prey of other species 
living on the beach, and seeking the living or dead organisms 
as a part of their daily economy, e.g. some Carabidae, Staphy- 
linidae, Silphida?, Histeridae, Nitidulidae, Trogidac, Scarabaeidae, 



Gk\rii IT. Seasonal Distribution of (A) Active Coleoptera in the Upland Forest 
Sere (all the data lor 81 months), and (B) Active Carabida? in the Lower 
Beach drift of Lake Michigan, based on two field trips per month from March 
to October 

etc. The biocoenose of the drift has been investigated previous- 
ly by a number of workers (Wheeler, 1887; Needham, 1900, 
1904, 1917; Snow, 1902; Herms, 1906; and Shelford, 1913, 
pp. 218-221) and needs no further general treatment here. 

In tile following table the monthly appearance of the species 
of Carabida:' in the lower beach drift of Lake Michigan along 
the sandy depositing shores between Tremont and Miller’s, 
Indiana is given. This family is chosen for its large size, and 
abundance of drift inhabitants, forming a majority of species 
known to occur in this community (Table II) over the 81 
months of observation. Of the trip? taken to the beach drift, 
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the two trips yielding the maximum number of species for 
each month, from March to October (inclusive) were selected, 
so that the number of trips each month would be constant. 
The average period of collecting and of observation of the 
biocoenose was between 12 noon and 2 P. M. 


TABLE V. 

Seasonal Distribution of Active Spfcies oi Carabid.u in the 
Lower Beach Drift. 


Total Species 

March 

April 

May 

June 

July 

August 

Sfpt 

OlT 

125 

2 

10 

42 

21 

22 

8 

13 

b 

100 00 r o 

24 

8 

33 6 

16 8 

17 6 

6 4 

10 4 

4 S 


These data are comparable to the seasonal distribution data 
for all of the active species of Coleoptera of the upland forest 
sere (Graph I). and the two curves are plotted (Graph II) 
to show their similarities. 

It will be seen that the curves in this second graph are very 
similar in the spring (March to May) and in the autumn 
(September to October) and in both the maximum number of 
active species, whether for all the families of the entire sere or 
the Carabidae of the drift, is present in May. The summer 
season shows a regular drop in the appearance of active species 
for the entire forest sere and an irregular drop for the Carabidte 
of the beach drift. Such irregularities may very well be a 
consequence of the vagaries of collecting. However, the uneven 
summer curve may be, due to wind action, preventing the 
proper accumulation of drift along the shore; or to a biological 
rhythm. 

With regard to the peak in May, the maximum foliation is 
reached later in the year, as will be shown in a later paper, 
and consequently when the majority of species emerge in May, 
foliation is not at a peak and there is less food for the herbivores 
and less shelter. Such a condition may cause a period of 
aimless wandering. If this is true then many species would 
tend to appear in the drift, or again, the lack of shelter may 
expose them to winds, and eventually force many into the 
lake and finally into the beach drift. 

Further data show the beach drift to be of value even as a 
species calendar to a certain extent. Data accumulated on 



1930] 


Park: Ecology of Forest Coleoptera 


71 


actual occurrence of species can not be given here due to lack 
of space. Suffice it to say that in general, the species inhabiting 
the forests of the dune sector are regularly represented in the 
drift, in many cases shortly after appearing in their regular 
habitat. 

The Evidence from Data on Hibernation . — In many species 
there is a hibernation rhythm which tends to swell the popu- 
lation of forest floors offering protected hibernacula, such as 
the more mesophytic associes and climax associations This 
influx begins in the late autumn, and corresponding depopu- 
lation takes place in the following spring. Whether due to 
the inherent character of these forest associes, or to their 
increasing distance from wind and subsequent sand blast action 
associated with Lake Michigan, or a combination of both, the 
number of hibernating species of beetles increases with the 
increase of distance from the lake. However, from the serai 
point of view the specific composition of pioneer communities 
changes with the onset of hibernal conditions, and there is a 
tendency to level out the different community curves. This 
change in serai character is, in part at least, as expression 
of seasonal succession, and at this point serai and seasonal 
succession are inevitably combined. Holmquist (1920, p. 400) 
finds this to hold for hibernating arthropods in general, “The 
distribution of the species of the various forest associations 
seems to show a great deal of over-lapping, and a breaking down 
of boundaries between the various summer associations due to 
the fewer number of limiting factors and to their more cosmo- 
politan distribution in the various ecological associations.” 

Thus in the cottonwoods, the shallow leaf covered depres- 
sions, and the more protected floor around the bases of trees 
are scantily protected. These habitat niches, or the rare 
occurrence of dead trees in the early stages of decay, are used 
for hibernacula. In the conifers the floor is protected by some 
humus and a continual fall of needles which tend to mat so 
that they are not readily blown away. Again, the trees aie 
more close together than in the cottonwoods and the distance 
generally from the lake is greater so that the cottons )ods 
and fore-dunes act as buffers. Decaying logs are more abund- 
ant, and these and the hea\ier humus increase the number o! 
suitable hibernacula. In the black oak asso^es, and finallx 
in the climax forest associations, these conditions are regularly 
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cumulative until in the latter the forest floor is well protected 
by a heavy, rich, moist layer of leaf mould and debris, and 
many species of Coleoptera move into these strata from other 
less suitable places or from different associes. Consequently 
there is, at the approach of cold weather, a vertical migration 
of species from the defoliated upper strata, and a horizontal 
movement into the floor from the more pioneer associes. 

That such a situation exists may be illustrated by the 
following data on a very few of our well known forms. One 
such group showing a biannual intercommunity movement is 
found in some of the Coccinellidas. To mention one species, 
Ceratomegilla fusilabris (Mulsant) has been observed at intervals 
for the past four years and a summary of its distribution may 
be indicated as follows: 

Usually from the end of May to the middle of October the 
species is present in great numbers scattered over the herbaceous 
and shrub strata of the subclimax associes, especially along 
forest margins, and in meadow and secondary communities, 
e.g. pastures and gardens. It may be taken throughout the 
entire upland forest sere, as solitary individuals or in small 
groups gathered due to proximity of food, viz. hunting and 
devouring of aphids, etc. During this time it may occur in 
the beach drift, often present by thousands. 

As winter approaches the species becomes more scarce and 
solitary individuals actively hunting on foliage gradually begin 
to disappear. At the same time the species is found more 
abundantly in protected places. These latter, as would be 
expected, may be such secondary locations as the bases of 
orchard trees, garden walls, loose boards, etc., but in the 
upland forest sere the movement is into the more mesophytic 
forests on their floors or in the leaf mould, and along the margins 
of such communities. When winter sets in this lady beetle 
is found aggregated under leaves and debris of the subclimax 
and climax floors, often in gatherings of several hundred or 
more. 

The winter is passed by the majority of individuals of this 
species in this way. In late spring the aggregations are found 
nearer the surface of the floor and are more active. In the 
Chicago area April appears to be the critical month for emerg- 
ence. As early as April 0, gatherings on the floor of the climax 
maple association at Joliet, Illinois, just under the top leaves, 
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are common; 50% of the group may be moderately active on 
the surface leaves and debris, and 50% still buried in the leaf 
mould and relatively inactive. The animals become more and 
more restless, until by the end of April they are crawling actively 
over the floor and greening herbage, single or in groups of as 
high as thirty or forty individuals. By the middle of May, 
this species has spread and scattered over the upland forest 
sere, and adjacent secondary communities. It is now repre- 
sented by individuals, rather than aggregations, save for the 
forced gatherings in the lower beach drift. The drift records 
its presence in numbers by May 19, as a rule and the species is 
taken in this community through the summer and autumn, 
often represented by enfeebled individuals after the majority 
have moved into their winter hibernacula. 

The data so far are typical for C. f usilabris. Blatchlcy 
(1910, pp. 510 511) finds the species common throughout 
Indiana, and gives its seasonal range as “January 12-- Novem- 
ber.” He finds it “Gregarious in winter. During October it 
congregates beneath mullein leaves, etc. On several occasions 
I have found them in midwinter by the thousands, huddled 
together beneath piles of the stems of the larger ragweed 
( Ambrosia trifid a Ld in the low bottom lands of the Wabash 
river.” Cook GX9X, p. 117) finds Megilla vittigera and Ilippo- 
damia ambigua clustered, and thinks that “they cluster to pro- 
tect each other from the cold,” a view different from that held 
by many. Calvert (1X99, p. (>X) fide Conway, mentions 
coceinellidae grouped on or in the ice, and Megilla ( Cerato - 
megilla) and other coccincllids are wadi known for their gre- 
gariousness in cold w T eather; even in spring and summer (Hamil- 
ton, 18X5; Schwarz, 1X91, p. 109; IIaw T kes, 1920, pp. 4X4-5; 
Carnes, 1912; Van Dyke, 1919). 

Without painful repetition of detail, similar data is at hand 
on eoccinellids of similar habits, e.g. Jlippodamia tredecim punc- 
tata (L.), II. parenthesis (Say), II. convergens Guer., and Coccinella 
novemnotata Hbst., in addition to many species from other 
families, e.g. the chrysomelid herbivore Lema trilincata (Oliv.) 
which is found in winter either singly or in small groups with 
Ceratomegilla f usilabris, these two species often being associated 
during the hibernal season. Blatchley (loc. cit., p. 1111) 
finds L. trilincata frequent, throughout the state, from April 19 
to July 25, “Occurs on the foliage of various Solanaceous 
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herbs, especially that of potato .... Mating June 8.” So 
that this species may be regarded as one not characteristic of the 
more mesophytic forests, but taking advantage of the pro- 
tected floor on occasion in winter. 

Over -wintering Aggregations in Coccinellidce. — The tendency 
of many of our common species of coccinellids to collect, 
especially in winter, is well known and the phenomenon has 
been frequently observed as indicated by the few references 
already cited. However, observation of these gatherings, from 
the viewpoint of one interested in crowding physiology, is less 
common and since these over-wintering aggregations are 
further important as a consequence of seasonal activity, one 
such gathering will be taken up in some detail. 

On October 20, 1928, C. fusilabris was observed around the 
base of a Crataegus bush, some five feet high. The surface 
leaves were but sparingly inhabited by the beetles, usually in 
small groups of from four to five, or singly. Beneath this 
superficial layer, and throughout the rich, moist earth of the 
sub-climax oak-elm-hickory forest (New Lennox, Illinois) the 
species was present in great numbers. A square yard of this 
mould was selected for a rough census. On sweeping up one 
layer of this yard no beetles would at first be seen. In several 
seconds the beetles would appear, apparently making their 
way up from still deeper layers, until the square yard had been 
excavated evenly for six inches, that is, the census was made 
on the inhabitants of 7,776 cubic inches of floor. 

At this time of day (2:30 P. M.) the air was 20.5° C., in 
the sun, the floor surface 13.5° C., under this superficial leafy 
layer 14° C., and four inches into the mould 13° C., so that 
between 13° and 14° C., the aggregation was still moderately 
active. 

That this same area had been used previously, was indi- 
cated by bleached and fragmentary portions of C. fusilabris, 
buried and scattered in the humus. 

The aggregation was composed of 9,808 individuals in the 
square yard excavated, or over one to a cubic inch, and many 
hundreds must have escaped during the period of excavation 
so that the total is a conservative one. This species forms a 
loose aggregation, and is “homodynamic” as to its character 
of hibernation after the terminology of Robaud, or exhibits 
“false hibernation” of Holmquist (1928 a, p. 349). The 
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species is not essentially gregarious in the warmer months. 
On the breaking up of winter, and the appearance of aphids on 
the vernal foliage, it leaves its hibernacula and spreads out 
fan-wise over the surrounding region, so that its being found 
in numbers in the summer is probably due to a concentration 
of its prey. In winter its gregariousness is probably due to a 
complex of conditions, too involved to be readily explained by 
any one factor. The concentration in winter is thought to be a 
consequence of numerous individuals collecting at certain 
suitable niches, and hence crowding by late arrivals forms the 
over-wintering aggregation. This is essentially a “shelter 
aggregation” (Allee, 1927, p. 374), however other conditions 
may, and probably do, influence the extent and nature of the 
bunching. Thus Allee notes that (loc. cit., .374) “not all the 
apparently equallv desirable space is occupied, so that the 
aggregation can not be entirely explained on the basis of unavoid- 
able crowding. In other cases Holmquist has been unable to 
find any environmental differences to account for the location 
of the hibernating aggregation. These groupings are partially 
under temperature control, but as with other phenomena con- 
nected with hibernation, the temperature control is incomplete 
and the problem of the exact nature of the casual factors 
remains open.” Holmquist (192(i, p. 400) finds that “distri- 
bution of arthropods in winter seems to be determined chiefly 
by kind and amount of shelter and by moisture.” 

Shelter and moisture are probably important in the very 
loose over- wintering aggregation of the western Ctcindchi 
oregona Lee. ( C . senilis Csy.) as described by Blaisdell (1912) 
where these predators abandon their solitary life at the approach 
of cold weather and burrow under flat rocks. Crowding forms 
a forced gathering under the latter, in a type of .. entral chamber. 

Moisture is certainly an important factor in the more closely 
integrated over-wintering aggregation of certain species of 
Saprinus, especially S. rugifrons Payk., 5 rubripes Erichs , 
and S. rugiceps Duft, as recorded by Spett (1925) at Kiev. 
These histerids occupy bare sandy patches devoid of vegel ation 
in colonies numbering from 100 to 1000 for several square 
meters. The colonies are extensive and are limited largely to 
the upper 10 centimeters of sand. They remain in the sand 
for some eight months of the year, and their movements in the 
sand are largely vertical migrations in search of dry, warm 
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strata, hence weather conditions and time of year alter their 
activity. 

Similarly shelter, as a means of protection from the cold, 
and probably moisture play important roles in the over-winter- 
ing colonies of C. fusilabris . That all available space on the 
forest floor is not occupied is indicated by the fact that a 
control site of the same size and on an equally rich part of the 
forest floor fifty feet from the Crataegus- bush colony yielded no 
fusilabris. The first control, however, was not near any 
Crataegus . Other Crataegus bushes in the same community 
were examined, and the soil at their bases held no fusilabris 
colonies, and only a few scattered individuals of this species 
(several to a square foot), a condition often met with as the 
normal distribution in many areas. 

This aggregation of fusilabris of October 20 was mixed or 
heterotypic, as also may be the case with the Saprinus colonies 
as noted by vSpett (loc. cat.), and contained, in addition to 
Ccratomegilla , the following animals, however in great minority: 

Annelida (Oligochacta), a Lumbrickke; Arthropoda (Araneida), h 
At t lVke — la 71 , 4 9 half-grown Phidippus audax , lcf, 1 9 Maevia vittata , 
Drassidcc — 1 9 Zelotcs ater , Clubionicke "2d 71 , 3 9 Clubiona canadensis? 
Anyphaena gracilis , 1 half-grown 9 ; (Jsopoda), a Oniscoidea; (Coleop- 
tera) Coccinellidzc many Scymnus , 12 Psylloboia viginti-maculata (Say) 

2 Hippodamia tredecim punctata (L.), 1 Cydoneda sanguinea (L), Cory- 
lophkke — many, Lathridiicke 2, CucujidtT — 2 Tclephanus velox 1 laid . , 
Cryptophagidfc — 2 Tomarus pulchellus Lee., Chrysomelkke---l Lem a 
trilineata (Oliv.); (Hemipterajf Pentatomkke — Peribalus limbolatius 
Stal., Coreidre — 1 Calorhintfia mcndica Stab, 1 C orizus lateralis Say, 
Lygaeida? — Myodochus serripes Oliver, Mirkke — Lygus pratensis Linn. '' 

Light as a Possible Factor .— That the causes underlying the 
crowding physiology of such hibernating species (probably a 
form of ‘‘shelter aggregation ’ ’ of Allee, 1927 b, p. 374) are 
complex, and interdependent, is suggested by the following 
observations in which light may prove to be one of the casual 
factors. 

wSome aggregations of hibernating beetles have marked 
responses to change in light intensity. Thus, a number of 
over-wintering Ccratomegilla fusilabris were brought into the 
laboratory and placed in a constant temperature cabinet and 

*Determined by Dr. Sewall Wright, University of Chicago. 

tDetermined by Mr. William J. Gerhard, Field Museum of Natural History. 
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the temperature lowered to 10° C. This drop in temperature 
was accompanied by a gradual cessation of activity. Prom 
October 22 (8:30 A. M.) to October 2 5 (9:35 P. M.) the tem- 
perature was held at 0.5° C., and the beetles were inactive at 
this temperature, e.g. were in a dormant state approaching 
that of the sluggish, hibernating individuals. 

At a temperature of 23.5 C. (approximately 74 F.), the 
laboratory animals were positive for daylight and for light 
from a GO Watt Mazda lam]) acting at two feet. At this 
temperature they were active, crawling rapidly or flying fre- 
quently, and if liberated would fly towards the light or the 
windows. In short, their behavior was that found in late 
spring and early summer months. 

At approximately 10° C. the species tended to become 
photo-negative and the individuals gave a digging response 
which may indicate that under similar conditions of the normal 
habitat, they would tend to fly to the dim, mesophytic floors 
and burrow into the mould. The relative values of shelter, 
temperature, light, moisture and gravity obviously belong to 
experimentation of the most exacting nature. Weiss (1913), 
working on the tropic response of Ccratomegilla fusilabris 
( Me gill a maculata) thinks that colonial hibernation in this 
species, in winter, is a consequence of a complex of “ tropic 
stimuli,” and congregation in large numbers may be due to 
chemotropism (p. 85). “A lowering of the temperature as 
winter approaches with a corresponding decrease in food 
supply undoubtedly renders them exceedingly susceptible to 
chcmotropic stimuli. With Megilla maculata , there is no 
evidence at present that anemotropism plays any part in the 
selection of the hibernation quarter. Once in the place of 
hibernation, they become positively thigmotropic and negatively 
phototropic.” 

The experimental results of Weiss (loc. cit.) on fusilabris 
are closely comparable to my own on hibernating individuals of 
the same species, and especially point out the possible role of 
light in the elicitation of the hibernation response. Many 
observers, e.g. (Holmquist, 192G, 1928 a, b) have found tem- 
perature an undoubted factor, which is furthei indicated for 
fusilabris by the work of Weiss and the results presented here. 
Weiss thinks chemotropism and decrease in temperature the 
factors causing this coccinellid to seek its hibernaculum. How- 
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ever, it is probable that once the site is reached, other factors 
such as relative humidity and relative degree of moisture as 
well as a lowering of the threshhold for contact, becoming 
positive for gravity or negative for intensity of daylight within 
a certain range, must determine the conduct of the animals. 
Thus light may be of primary importance in causing a species 
to bury itself in the mould of a forest floor, an impelling factor 
playing an important part after temperature and other factors 
had served to bring the animal to a given habitat. 

Similarly, as the soil grows warmer and moister in the 
spring season, the animals become active accordingly as their 
rate of metabolism rises. Such an increase in activity is 
noted here for fusilabris , and is a well known phenomenon. 
Spett (loc. cit.) notes the marked increase of activity in the 
over-wintering colonies of Saprimis at the approach of warm 
weather. But this increase in activity is not sufficient to cause 
fusilabris to emerge from their floor or under-bark hibernacula, 
unless the beetles tend to follow a moisture or a temperature 
gradient of the soil. Once on the surface, the intensity of 
daylight, falling through the scantily shaded forest canopy, 
may play an important part in causing the aggregation to 
break up and crawl or fly to warmer or more illuminated 
areas, e.g. the forest margins or open secondary communities. 
Again we note that given the skein of observational data, the 
ultimate solution rests with experimentation. 

It is interesting to observe that hibernation is the ecological 
equivalent of migration in many species, and the recent work 
of Rowan on relative length of day and night as an important 
factor in the migration of some birds (Rowan, 1925, 1926, 1927 ; 
Allard, 1928) may play a part in the hibernation of other species 
of animals. Allard (loc. cit.) in connection with Rowan’s 
photoperiodism, mentions (p. 406) that the “common May 
beetles ( Phyllophaga spp.) not alone fly into our lights, but 
they may under certain conditions show the same tropistic 
light response toward brilliant twilights of the summertime.” 
Duplication of Rowan’s work on a smaller scale with such 
forms as the Monarch butterfly (Danaus archippus) which are 
known to have a migratory rhythm should yield data on the 
general problem. 
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Summary. 

In summary, it may be said, despite many influences at 
work, it is readily seen that a beetle sere exists which cor- 
responds to the upland forest sere in the Chicago area, whether 
the species are arranged according to total distribution of 
species or individuals, or by characteristic and peculiar forms. 
It is probable that a combination of all three points of view are 
necessary to obtain even a moderately accurate picture of the 
beetle distribution in a given community. 

There is a definite seasonal succession throughout the year 
in addition to serai succession. 

This seasonal periodicity however is dependent upon various 
conditions for its expression, and is shown in condensed and 
abbreviated form by the beach drift of Lake Michigan, viz. 
the drift can be used as a rough biological calendar given 
sufficient data on its population. 

Again, hibernation is seen as a rhythmic seasonal occurrence 
in certain species, and the over-wintering of certain forms is 
discussed. 

Although it is recognized that hibernation is a complex 
phenomenon in which many factors arc operating, it is suggested 
that daylight intensity or possibly the relative length of day 
and night may play a part in this obscure and recurrent con- 
dition. 


BIBLIOGRAPHY. 

Allard, H. A. 1928. Bird Migration from the Point of View of Light and Length 
of Day Changes. Am. Nat., 02: 385-409. 

Allee, W. C. 1927. Animal Aggregations. Quar. Rev. Biol., 2: 307-398. 

Blaisdell, F. S. 1912. Hibernation in Cieindela senilis. Ent. News, 23: 150-159. 

Blatchley, W. S. 1910. Coleoptera or Beetles (exclusive of the Rhynchophora) 
known to occur in Indiana. Nature Pub. Co., Indianapolis. 1,380 pp. 

Calvert, P. P. 1899. Massing of Coccinellidae (a note). Ent. News, 10: G8. 

Carnes, E. K. 1912. Collecting Ladybirds by the Ton. Monthly Bull. State 
Comm. Horticulture, Sacramento, California, 1: 71 81. 

Chapman, R. N., Mickel, C. E., Parker, J. R., Miller, G. E., and Kelly, E. G. 1920 
wStudy in the Ecology of Sand Dune Insects. Ecology, 7: 410-427. 

Cook, A. J. 1898. Massing in Coccinellidae (a note). Ent. News, 9: 117. 

Cowles, H. C. 1899. The Ecological Relations of the Vegetation on the Sand 
Dunes of Lake Michigan. Bot. Gaz., 25: 95-117; 107 202; 281-308; 301-391. 

. 1901. The Plant Societies cf Chicago and Vicinity. Geog. Soc . 

Chicago, Bull. No. 2. 

Fritsch, K. 1851a. Uebcr die jahrliche Vertheilung dei Kafer. Sb. dcr. math.* 
naturwiss. Classe, K. Akad. Wissen., 6- 3-42. 

. 1851b. Resultate zweijahriger Beobachtungcn uber lie jahrliche 

Vertheilung dcr Kafer. ibid, 7:089-710. 



80 


Annals Entomological Society of America [Vol. XXIII, 


Fryxell, F. M. 1927. The Physiography of the Region of Chicago. Univ. of 
Chicago Press, 55 pp. 

Graham, V. O. 1927. Ecology of Fungi in the Chicago Region. Bot. Gaz., 
83: 207-287. 

Hamilton, J. 1885. Hibernation of Coleoptera. Can. Ent., 17: 35-38. 

Hawkes, O. A. M. 1920. Observations on the Life History, Biology, and Genetics 
of the Ladybird Beetle Adailia bipunctata (Mulsant). Proc. Zool. Soc. 
London, pp. 475-490. 

Herms, W. B. 1900. An Ecological and Experimental Study of the Sarcophagidae 
with Relation to Lake-beach Debris. Jour. Exp. Zool., 4: 45-83. 

Holmquist, A. M. 1920. Studies in Arthropod Hibernation. Ann. Ent. Sue. 
Am., 19: 395 420. 

. 1928a. Studies in Arthropod Hibernation. II. The Hibernation of 

the Ant, Formica ulkei Emery. Physiol. Zool., 1: 325-357. 

— . 1928b. Notes on the Life History and Habits of the Mound-building 

Ant, Formica ulkei Emery. Ecology, 9: 70 87. 

Leng, C. W. 1920. Catalogue of the Coleoptera of America, North of Mexico. 
J. D. Sherman, Jr., Mount Vernon, N. Y. 

. 1927. Supplement to Catalogue, (1919-1924), ibid. 

Needham, J. G. 1900. Insect Drift on the Shore of Lake Michigan. Occ. Mem. 
Chicago Ent. Soc\, 1: 1-8. 

. 1904. Beetle Drift on Lake Michigan. Can. Ent., 30: 294 95. 

. 1917. The Insect Drift of Lake Shores, ibid, 49: 129-137. 

Rowan, W. 1925. Relation of Light to Bird Migration and Developmental 
Changes. Nature, 115: 494-495. 

. 1926. On Photoperiodism, Reproductive Periodicity, and Annual 

Migration of Birds and Certain Fishes. Proc. Boston Sue. Nat. Hist.. 
38: 147-189. 

1927. Migration and Reproductive Rhythm in Birds. Nature, 
119: 351-352. 

Salisbury, R. D. and Alden, W. C. 1899. The Geography of Chicago and its 
Environs. Geog. Soc., Chicago, Bull. No. 1. 

Schwarz, E. A. 1891. Massing of Coccinellidae (a note). Ent. News, 2: 169. 

Shelford, V. E. 1913. Animal Communities in Temperate America as Illustrated 
in the Chicago Region. Geog. Soc. Chicago, Bull. No. 5. 

Snow, L. M. 1902. The Microcosm of the Drift-line. Am. Nat., 36: 855 864 

Spett, G. 1925. Beobachtungcn uber Geselligkeit (Koloniebildung) bei uber- 
winternden Kafem der Gattung Saprinus. Zeit. fur wissen. Insektenbiologic, 
20:5-8, Heft 1. 

Van Dyke, E. C. 1919. Tendency of Insects to Collect on Ridges and Mountain 
Snowfields. Ent. News, 30: 241-244. 

Weiss, H. B. 1913. Some Tropic Reactions of Megilla maculata DeG. and Notes 
on the Hydrotropism of Certain Mosquitoes. Can. lint., 45: 85-87. 

Wheeler, W. M. 1887. On the. Distribution of Coleoptera Along the Lake Mich- 
igan Beach of Milwaukee County. Proc. Nat. Hist. Soc. Wisconsin, April, 
pp. 132-140. 



THE MORPHOLOGY OF THE REPUGNATORY GLANDS 
OF ANASA TRISTIS DE GEER.* 


Delbert L. Moody, 

Department of Entomology, Iowa State College. 


Introduction. 

The property of some Hemiptera, more especially the 
Pentatomidfe and Cimicidae, of emitting an offensive odor when 
disturbed or injured has been known for many years. The 
first record of the source of the secretion which produces this 
odor showed it to be a gland in the ventral part of the meta- 
thorax opening to the exterior by ducts on either side in front 
of the hind coxae. Later it was found that similar glands in 
some of the dorsal segments of the abdomen of the nymphs had 
the same property but upon molting to the adult stage these 
glands disappeared and were apparently replaced by those in 
the metathorax without any change in function. 

Because of this interesting change in position of the repug- 
natorial glands in the immature and adult stages of some 
Hemiptera, the writer has undertaken to work out in some 
detail the morphology of th^se glands in the nymphal and 
adult stages and to determine the relation of the abdominal 
glands in the nymph to the metathoraeie gland in the adult. 

The squash bug, A nasa tristis De Geer was chosen for this 
work because of its abundance, rapid reproduction over a long 
period and its convenient size. The morphology of the repug- 
natorial glands in this insect had not been investigated although 
the life-history and external anatomy have been J horough’\ 
studied. 


Review of Literature 

In reviewing the literature no paper was found dealing 
specifically with the repugnatorial glands of A nasa tristis De 
Geer and where scattered references were made in any paper 

*The writer is greatly indebted to Dr. W. H. Wellhoust, under whose direction 
this research was taken, for suggestions and encouragement in carrying on th< 
investigation, and to Dr. H. H. Knight, with whom the work was -ontmued in 
Dr. Wellhouse’s absence. 


81 



X2 Annals Entomological Society of America [Vol. XXIII, 

the subject was dismissed with a few sentences. Some work of a 
general nature, however, has been done on repugnatorial glands 
in other species of Hemiptera. 

Leon Dufour (LSTj) published the first account of repug- 
natorial or stink glands in the adult stages of Hemipterous 
insects, but Kunckel (1X00) was the first to observe the presence 
of stink glands in the dorsal surface of the abdomen of the 
nymphs of certain Hemiptera and that these dorsal glands in 
the nymphs atrophied during the last instar and were replaced 
by metathoracic glands in the adult. Kershaw (1907) in 
studying the life-history of Tessaratoma papillosa Thunberg 
discovered that the dorsal glands in the nymph remained in the 
cast skin as two soft yellow sacs enveloping a yellowish fluid 
which had the same characteristic odor of the metathoracic 
glands in the adult. 


Discussion. 

GLANDULAR APPARATUS IN THE ADULT. 

Source of Secretion. 

When one picks up a squash bug he is usually struck with a 
rather sharp odor suggestive of amyl acetate. The source of 
this odor is an oily liquid which is discharged through an 
opening on each side of the metathorax between the coxae of 
the middle and hind legs (Plate II, Fig. 4). The opening, 
termed an ostiole, is situated at the outer end of a chitinized 
duct or vestibule (Plate V, Fig. 2), which is connected at its 
inner end with a sac that acts as reservoir for the liquid secreted 
by a pair of glands which empty into it. These glands consist 
of a mass of glandular tissue partly surrounding the reservoir 
and in intimate contact with it (Plate I, Fig. 2). 

Position of Reservoir and Metathoracic Glands. 

The reservoir is situated mainly in the ventral part of the 
metathorax below the digestive tract, but the posterior part 
extends into the first two segments of the abdomen (Plate I, 
Fig. 2). The glands in the adult are located in the anterior 
part of the metathorax the greater part of them lying above 
the anterior portion of the reservoir and its ducts (Plate V, 
Fig. 2); each gland extends caudad around the sides of the 
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reservoir for about a third of its length. The cephalic parts 
of the glands meet in the median line of the body over the 
anterior part of the reservoir and reach anteriorly as far as 
the posterior edge of the mesothorax where they lodge against 
the large tergo-sternal muscles. They are separated laterally 
from the body wall by the coxal muscles and a layer of adipose 
tissue. 

The reservoir lies directly beneath the alimentary tract, 
being completely hidden by it when the internal organs are 
viewed from above. In the female the ovaries are located above 
and laterad of the sac, the terminal filaments extending forward 
beyond it into the mesothorax. In the male the testes are 
situated in a latero-postcrior direction to the sac between it 
and the body wall and do not extend as far forward as the 
ovaries. In the breeding season the testes are enlarged and 
extend along the sides of the sac for one-third of its length. 
The gastric caeca, which are quite large in A. trisfis, lie above 
the sac on either side of the mid-intestine in the male but the 
ovaries are between them and the sac in the female. The 
anterior part of the reservoir including the ducts is covered by 
the mctathoracic gland. The glands extend around both sides 
of the sac and the anterior parts of them curve down over the 
cephalic part of the reservoir. The ventral nerve cord passes 
around the sac on one side or the other above the duct but 
under the main part of the reservoir (Plate I, Fig 2). Beneath 
the reservoir the body wall extends up into the body cavity 
in the form of a high transverse ridge formed by the innction 
of the metathorax and the first segment of the abdomen. 
Upon the ridge the sac rests while the space posterior to the 
ridge between the sac and the ventral abdomina' wall is filled 
with a layer of adipose tissue. In addition to the ventral nerve 
eord there arc three pairs of nerves arising at the ventral 
thoracic ganglion and passing around each side of the sac be- 
tween the gland and the main part of the reservoir. 

Location and Description of External Orifice and Vestibule 

The external orifice in the adult is located in the metathorax 
between the epimeron and the episternum on a line with the 
third coxal cleft (Tower, 1913). It i » slightly caudad and 
ventrad to the posterior thoracic spiracle (Plate IV, Fig. 5). 
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The orifice or ostiole consists of an ovoid slit surrounded 
by an extension of the body wait which forms a corneous 
ring around the opening. On the anterior side this ring is 
expanded into a flattened disk which narrows abruptly on the 
caudal side to form a ridge which extends toward the third 
coxa and forms a continuation of the coxal cleft. Starting 
from the dorsal side of the disk is another ridge extending 
around the other side of the orifice to join the first ridge and 
forms the other side of the coxal cleft. The disk and the 
ridges, termed the ostiolar peritreme, are yellowish in color 
being much lighter than the surrounding body wall. The 
surface of the ostiolar peritreme and the body wall for a distance 
of about .3 of a millimeter from the ostiole are very finely 
granular. This same area around the peritreme is also rugose. 
Seta?, much smaller and more erect than those on the body wall, 
are sparsely scattered over the peritreme and the granular area 
around it. The inside of the ostiole expands out somewhat 
to form the vestibule (Plate V, Fig. 2), a chitinous duct which 
leads into the reservoir. 

The ostiolar peritreme at its greatest length measures .S3 
millimeters and at its greatest width .70 millimeters. The 
ostiole is .43 millimeters long and .21 wide. There is some 
slight variation in different individuals but the above figures 
give the average dimensions. 

The vestibule is a barrel shaped chitinized duct leading 
from the ostiole on the outside to the duct of the reservoir 
(Plate III, Fig. 2). Its average size is .77 millimeters long 
and .34 millimeters wide. In cross section the vestibule is 
oval in outline, the long axis being parallel with the long axis 
of the body. The internal surface is resolved into deep grooves 
which run lengthwise of the vestibule. Directly in front of 
the opening of the duct in the reservoir and following along 
the anterior side there is a smooth area extending to the ostiole. 
This smooth area is curved posteriorly so that it approaches 
the ostiole at an obtuse angle and as a result of this curve the 
spray is discharged in a latero-posterior direction from the 
body. The internal surface has the same granular appearance 
as the ostiolar peritreme and the area surrounding it in the 
adult. The vestibule is constricted at both ends thus giving 
it the barrel shape. 
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Description of Reservoir and Metathoracic Glands. 

The reservoir is a sack-like organ, orange in color and 
roughly heart-shaped in outline, with the pointed part extending 
posteriorly. On the ventral side of the anterior end of the 
main part of the sac there is a slight constriction (Plate I, 
Fig. 2) beyond which the reservoir widens out laterally to 
form two ducts which lead up to and connect with the chitinous 
vestibule. Incorporated in the surface of the sac are many 
small trans/erse ridges which present a wrinkled appearance to 
the surface. This wrinkled appearance is much more pro- 
nounced when the amount of fluid in the reservoir has become 
depleted. 

When the reservoir is full of liquid its average length is 
about 3 millimeters and its width 2 5 millimeters in the mature 
adult. There is a great reduction in size of the sac after an 
ejection of the fluid, although in no case was the sac found to 
be totally collapsed. 

The metathoracic glands consist essentially of two masses 
of tortuous convoluted tubes among which tracheal branches 
ramify abundantly (Plate II, Fig. 1). The tubes, which are 
circular in cross section, have approximately the same dimen- 
sions ranging between .45 and .55 millimeter in diameter. 
The tissue is white in color and granular in appearance when 
highly magnified It differs from adipose tissue m form and 
color. The adipose tissue is greenish and composed of lobes 
wdiile the glandular tissue is tubular and white. The tubes 
composing the gland are very close together and are grouped 
around a small duct (Plate III, Fig. 2-d g ) which empties into 
the reservoir near the mouth of its duct. The duct of the gland 
is very thin and membraneous in nature resembling somewhat 
the chitinous intima of the reservoir. 

Tracheation ol Reservoir and Metathoracic Gland 

The main oxygen supply to the reservoir is received from 
two large tracheal branches, one bringing air to the sac from 
each side (Plate I, Fig. 2). Ihese trachea* arise from the 
first abdominal spiracle on each side and pass down the sides 
of the body wall to the sides of the reservoir where they attach 
a little posterior of the center of its lateral side. At this point 
each trachea divides into three smaller branches one of which 
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supplies the anterior part of the sac and its duct; another 
continues in the same direction as the main branch and supplies 
the median ventral part; the third passes caudad and supplies 
the hinder portion. There is no tracheal supply whatever to 
the dorsal surface of the reservoir. As far as could be determined 
the trachea* connected only with the wall of the sac and did 
not pass through to the chitinous intima beneath. Since 
there is no muscular attachment to the reservoir, the large 
tracheal connections at the sides may serve as a partial support 
to it. 

The metatho.racic glands are more abundantly supplied w T ith 
trachea* than is the reservoir. The main branch furnishing a 
metathoraeic gland with oxygen comes from the posterior 
thoracic spiracle (Plate I, Fig. 2). This branch enters the 
gland from a cephalo-lateral direction and divides into two 
parts one of which passes anterior to the gland across the 
thorax to meet a similar branch from the other side of the 
body; the other divides again, one branch going to the hind 
coxa and the other to the lateral side of the gland. From the 
branch which crosses the thorax three branches come off that 
go into the anterior part of the gland. These three branches 
supply the greater part of the gland with oxygen. It will be 
seen that since there are four large tracheae which supply the 
gland an abundant amount of oxygen is assured. 

Attachment of Muscles. 

The number of muscles connected with the glandular 
apparatus in the adult is much less than that of the nymph. 
In the adult squash bug there are only two pairs of muscles, one 
of which is much larger than the other, connected with the 
glandular apparatus. These muscles serve to operate the 
valvular mechanism. The larger of the two muscles (Plate V, 
Fig. 2-g.m.) attaches at one end to the dorsal body wall in the 
metathorax between the scutellum and the pleura. It extends 
in a ventral direction to the valve where it attaches at its lower 
end to the flattened horizontal part (Plate III, Fig. 2-m.a.m.) 
of a chitinous arm (Plate III, Fig. 2-1.) that operates in part 
the valvular mechanism. The other muscle which is very 
small attaches at one end to the small chitinous arm (Plate III, 
Fig. 2-2) fastened to the median part of the folded sheet of the 
valve and the other end to the wall of the hind coxal cavity. 



1930] 


Moody : The Stink Glands of Anasa 


87 


This muscle assists in pulling back the valve membrane to 
allow the liquid to flow out. No muscles were found altaehing 
to either the gland or the reservoir. 

Nerve Supply. 

The nerves supplying the glandular apparatus of the adult 
were difficult to trace out. A small nerve arises from the 
ventral thoracic ganglion in the mesothorax just caudad of the 
origin of the large nerve entering the hind coxa. This small 
nerve passes in a latero-caudal direction to the large valvular 
muscle which it innervates (Plate I, Fig. 2). No nerves wore 
found connecting directly with the gland and reservoir. 

Mechanics of Operation of the Valvular Apparatus. 

The valvular apparatus in the adult consists mainly of a 
folded sheet, three chitinous arms and two muscles (Plate 111, 
Fig 2). The folded sheet, which is very tough and thick and 
has a granular surface, is located in the opening at the internal 
end of the vestibule at its junction with the duct of the reservoir. 
At its anterior edge the folded sheet is attached to a v-shaped 
chitinous arm (Plate III, Fig. 2-3) which is in turn joined to the 
vertical part of a larger chitinous arm ( Plate III, Fig. 2-1 ). The 
larger chitinous arm, which is bent at right angles, has its hori- 
zontal part flattened out on its posterior side for the attach 
ment of the large valvular muscle (Plate I, Fig. 2). These two 
arms serve in part to open the aperture (Plate 111, Fig. 2-ap.) 
through which the secretion passes to the \estibule. Another 
smaller chitinous arm (Plate HI, Fig. 2-2) attaches to the middle 
of the folded sheet and serves also to pull back the sheet and open 
the aperture. When the two valvular muscles contract the chitin- 
ous arms to which they are joined are pulled in a dorso-postcrior 
direction thus folding the sheet and enlarging the aperture. 

Since there are no muscles connected with the reservoir to 
produce the force necessary to cause the liquid to be expelled 
for several inches, this force must be produced by other muscles 
of the thorax. 


Range and Manner of Ejection. 

When an adult squash bug is picked up in the field almost 
immediately some of the liquid is forced out part of which 
remains on the granular area surrounding the peritreme where 
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rapid evaporation takes place. Several bugs which had been 
kept in a cage for a few hours after ejecting a quantity of 
fluid were very slow to eject more liquid. Only by severely 
prodding the insect or injuring it as by pulling off a leg was the 
writer able to induce the bugs to emit any spray. 

In order to determine the range of ejection an adult bug 
was placed on a large sheet of paper and strongly irritated. 
Several drops of liquid were forcefully discharged in a latero- 
posterior direction from the body to a distance of three to five 
inches. Five inches was found to be the maximum distance 
that the liquid could be thrown. 

GLANDULAR APPARATUS IN THE NYMPH. 

Source of Secretion in the Nymphs. 

A somewhat different condition prevails in the immature 
insects from that in the adult. The glandular apparatus is 
located in the dorsal part of the abdomen and consists of two 
separate sacs which open to the dorsal surface between the 
fourth and fifth and the fifth and sixth segments (Plate I, 
Fig. 1). Each gland connects with the exterior by two ostioles, 
one on each side of a protuberance (Plate II, Fig. 3, 5) which 
forms a sort of vestibule beneath it. Each gland consists of 
a sac which may be flattened or distended to a globular shape 
according to the amount of liquid present within it. In gross 
structure the sac consists of an inner membraneous layer and a 
thicker outer one, the latter composed of glandular tissue in 
the form of alveoli (Plate IV, Fig. 1, 2). This outer layer is 
the only source of secretion in the nymphs. 

Position of Abdominal Glands. 

The abdominal glands in the nymphs are situated in the 
dorsal part of the abdomen in the fourth, fifth and sixth 
segments. The anterior gland lies partly in the fourth and 
partly in the fifth segment; the posterior gland lies partly in 
the fifth and partly in the sixth segment. The glands are very 
close together even overlapping each other slightly in some 
individuals (Plate III, Fig. 3). The digestive tract presses 
against the ventral side of the glands flattening them somewhat 
when it is distended with food. A thin layer of adipose tissue 
separates the glands from the dorsal body wall and extends 



1930] 


Moody: The Stink Glands of Anasa 


89 


down over the sides and ends almost surrounding the glands. 
The heart is located directly beneath the glands in the median 
line of the body. Between the digestive tract and the glands 
are the Malpighian tubules which extend across the abdomen 
and project out on each side of the glands. There are masses of 
adipose tissue scattered among the tissue below the glands. 

Location and Description of the External Orifice. 

In the immature stages there are two pairs of ostioles 
each of which is located on either side of an oval .swelling or 
protuberance on the dorsal surface of the abdomen These 
two protuberances, which will be called ostiolar prominences, 
are situated between the fourth and fifth and the fifth and sixth 
segments (Plate I, Fig. 1). 

The ostioles are oval slits which in the fifth instar are 
.13 millimeters long (Plate II, Fig. f>). The anterior end of 
the ostiole is prolonged into the side of the prominence in a 
cephalo-lateral direction in the form of a deep narrow curved 
groove. Connecting the two ostioles at their posterior ends 
is a line marking the scar through which the gland lining is 
pulled out when a molt takes place. 

Slightly laterad of the groove and immediately at the 
entrance of the ostiole is a trough-like depression with a fine 
granular surface similar to that of the peritreme in the adult 
This groove and depression serve, no doubt, to hold some of 
the liquid in order that rapid evaporation may take place 
The anterior, lateral, and middle part of the peritreme are of a 
s did brown color while the brown color in the surrounding 
surface is confined to spots around the seta' Scattered 
irregularly over the surface of the peritreme are '-hort seta' 
Except for a slight difference in size, the two peritremes are 
almost exactly alike. 

Description of Abdominal Glands. 

The abdominal glands in a mature nymph consist of two 
thick walled orange colored sacs about a third as long as broad, 
which act both as glands and reservoirs (Plate III, Fig. 3). 
They are flattened somewhat dorso-ventrally by upward pressure 
of the alimentary tract beneath. The two glands arc approxi- 
mately of the same size and during the filth instar they attain 
a length of 1.3 millimeters and a width of about 2 millimeters. 
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The walls of these sacs are made up of three layers : ( 1 ) an inner 
membraneous layer, the chitinous intima; (2) a middle cellular 
layer made up in the greater part of alveoli, which is the secret- 
ing tissue; (3) outside of this a thin basement membrane 
(Plate IV, Fig. 2). When viewed with reflected light under 
high power of the binocular microscope the outer surface has a 
cellular appearance due to the alveoli (Plate II, Fig. 2). The 
cellular layer on the dorsal side, especially near its junction with 
the ostiolar prominence, is thinner and has transverse wrinkles 
in it similar to the wrinkled surface of the reservoir. Sur- 
rounding the outside of each gland is a basement membrane 
which is a continuation of the basement membrane of the 
epidermis. vSince the gland lies so close to the body wall there 
are no distinct ducts but simply two openings around which 
the gland wall continues into the epidermis of the dorsal abdom- 
inal wall (Plate IV, Fig. 2). 

Tracheation of the Abdominal Clauds. 

The oxygen supply to the abdominal glands comes through 
the spiraeular trunks which arise at the third, fourth and fifth 
abdominal spiracles (Plate I, Fig. 1). Connecting the three 
spiraeular trunks are large longitudinal trachea* which form 
a continuous line on each side of the abdomen From these 
longitudinal tracheae ten small branches are given off, five 
of which go to each gland. Three of the five which supply 
the anterior gland pass uo over it to the dorsal side while 
the other two go to the ventral surface. Only one of the five 
supplying the posterior gland goes to the ventral surface, the 
other four supplying the dorsal and lateral sides. 

The large tracheal branches of the glands are located on 
the exterior surface but the very small branches and tracheoles 
pass down into the glandular tissue between the alveoli and 
spread out on the inner surface as a sort of coarse net work. 
As far as could be observed there were no trachea? connecting 
with the intima. 


Attachment of Muscles. 

Since the glands are similar in size and shape, one would 
expect them to have the same musculature. Such, however, is 
not the case for there are two more muscles to the posterior 
gland than to the anterior one. There are fourteen muscles 



1930 1 


Moody: The Stink Glands of Anasa 


91 


which serve to operate the glandular mechanism of the abdom- 
inal glands. For convenience the writer has placed them in 
four groups according to their location as follows: lateral 
muscles, anterior muscles, posterior muscles, intermediate 
muscles, and interglandular muscles (Plate 111, Fig. 3). There 
is a lateral muscle to each side of each gland which extends from 
the lateral edge of gland to the dorsal body wall (Plate II, 
Fig. 3). The anterior muscles, two in number, attach at their 
cephalic end to the conjunctiva between the third and fourth 
segments. The dorsal muscle which is the longer joins to the 
neck of the gland while the other attaches to the front edge of 
the anterior gland. Two of the three intermediate muscles 
extend between the two glands, being attached at the cephalic 
end to the posterior side of the neck of the anterior gland and 
at the other end to the opposite side of the neck of the posterior 
gland. The other intermediate muscle joins to the anterior 
side of the neck of the latter gland just in front of the other two 
muscles and extends to the posterior edge of the anterior gland. 
Two of the four posterior muscles extend from the conjunctiva 
between the sixth and seventh segments to the caudal side of 
the neck of the posterior gland. The other two an' much shorter 
and extend from the same conjunctiva to the posterior edge of 
the gland where they are inserted one above the other. The 
interglandular muscle as the name suggests connects the two 
glands together. One end is inserted at the anterior edge of the 
posterior gland and the other on the ventral surface near the 
posterior end of the -interior gland. The muscles all taper 
somewhat at the ends to form a sort of tendon which serves as a 
means of attachment. Where a muscle is joined to a gland it 
passes through the alveoli, spreads out a little, and attaches 
between the alveoli and the ehitinous intima. The dorsal 
anterior muscle, the two dorsal posterior muscles and the two 
dorsal intermediate muscles arc paired being located on each 
side of the median line of the body in the region of the ostioles. 

Nerve Supply. 

The nerves in the nymph were even more difficult to trace 
out than those of the adult. A nerv" was found arising from 
the ventral nerve cord and extending up over the abdominal 
gland (Plate I, Fig. 1), but its attachment to any organ could 
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not be definitely determined. Further research will be neces- 
sary to work out in detail the nerve supply which innervates 
the glandular apparatus. 

Mechanics of Operation. 

The valvular mechanism in the nymph is much simpler 
than that of the adult, there being no vestibule or chitinous 
arms. The gland walls in the nymph are attached to the body 
wall partly to the lateral side of the rim of the ostiole and 
partly to the edges of the chitinous leaves, which are pro- 
jections from the dorsal wall extending in from the ostioles. 
The dorsal chitinous leaf (Plate IV, Fig. 1) extends across the 
ostiolar prominence between the ostioles and serves as a point 
of attachment for the anterior side of the neck of the gland 
(Plate III, Fig. 1). The ventral chitinous leaf extends only 
part way across and acts as a sort of valve to close the ostiole 
by lying against the dorsal leaf. When the liquid is ejected 
the muscle attached to the ventral leaf contracts and pulls 
the leaf away from the upper one (Plate III, Fig. 1) thus allow- 
ing the liquid to pass out between the leaves to the ostiole. 
The pressure necessary to force the liquid out is produced by a 
flattening action brought about by the lateral muscles (Plate II, 
Fig. 3) and the short muscles which are attached to the ends 
of the glands (Plate III, Fig. 3). The longer muscles attached 
to the necks of the glands serve to pull the neck apart since it 
is normally close together. Some pressure may be supplied 
by the dorso-ventral muscles which extend between the dorsal 
and ventral body walls of the abdomen (Plate II, Fig. 3). 

Range and Manner of Ejection. 

The nymphs even in the fifth instar apparently do not 
have the power to eject the glandular secretion as far as the 
adults. They are, however, as quick to eject the liquid when 
molested as the adults. As was the case with the adults, 
nymphs which had been captured and kept for a few hours did 
not readily discharge the liquid even when strongly irritated. 

The same experiment which had been used to determine the 
range of ejection in the adult was tried with the nymph. It 
was found when the nymph was prodded that a small quantity 
of liquid was sprayed out laterally from the ostiole for a 
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distance of two inches. This experiment was repeated several 
times but in no case was the maximum distance more than two 
inches. 


Histology. 

The metathoracic glands in the adult are of the convoluted 
tubular type consisting of a long much coiled tube and a duct 
leading to the reservoir. Although the glands are believed to 
be of ectodermal origin no chitinous intima was found in them. 
In a cross sectional view the coiled tube of a gland appears 
as a circular layer of cells inclosing a lumen (Plate IV, Fig. 4). 
In the lumen are large granules which are secreted by the 
surrounding cells and are believed to have some part in forming 
the liquid. The number of cells in a cross section of the tube 
varies somewhat but eight may be taken as the average number. 
The nuclei of these cells contain a nucleolus and there are 
granules in the cytoplasm. 

The tissue composing the reservoir consists of a thin layer 
of cells containing nuclei which are some distance from each 
other. This layer is deeply wrinkled and folded especially 
in the posterior ventral part of the sac (Plate V, Fig. 1). The 
chitinous intima follows loosely the contours of the folds and 
is itself much wrinkled giving the tissue a very irregular appear- 
ance. The corrugated surface of the intima in the reservoir 
presents a condition similar to that found by Detwiler (1922) 
in the sac of the glandular apparatus of the Red-IIumped Apple 
Caterpillar, Schizura cnncinmi Smith and Abbot. Although 
Detwiler found fine canals extending through the intima the 
writer was unable to find similar structures in either the intima 
of the reservoir or the abdominal gland of the squash bug. 
The tissue composing the reservoir is not believed to have any 
secretory function. 

There are four types of cells found in the glandular apparatus 
of the nymphs. They all develop from the ectodermal invagi- 
nations which form the glands in the embryo. The first type 
to be considered is that of the less specialized epidermal-like 
cells whcih surround the alveoli (Plate IV, Fig. 0). The 
second type is like the cells in the reservoir in the adult already 
described above. These cells compose a small section of the 
walls at the ends of the glands. A third type of cell is found 
in the large nucleated secreting cells in the alveoli (Plate IV, 
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Fig. (>). The nuclei are three or four times as large as those 
of the other cells in the gland. They contain many dark 
staining granules but no nucleolus was found. These granules 
are believed to be concerned with the formation of the secretion. 
The fourth type (Plate IV, Fig. 3) is found in the tissue making 
up the greater part of the dorsal wall of the abdominal glands. 
The cytoplasm of these cells stains with the eosin a clear brown 
which is believed to be due to some chemical either secreted by 
the cell or incorporated in the protoplasm. The cytoplasm is 
finely granular in nature and the nuclei are similar to those 
of the epidermal-like cells. These brown-staining cells are 
elongate and irregular in shape extending down into the gland 
for two or three times their width in some cases. The function 
of these cells is not clearly understood. 

It is interesting to note that although the tissue of the 
reservoir has the same orange color of the dorsal part of the 
abdominal glands, it does not stain brown with the eosin. 

Development oi Glanihlxr Apparatis. 

The abdominal gland starts in the embroynic stage as a 
narrow ectodermal invagination. At three days before hatch- 
ing the gland appears as a small transverse pocket leading in 
from the body wall and slanting forward somewhat. Near its 
inner end the pocket widens out, part of it extending forward 
parallel with the dorsal body wall and part of it extending 
posteriorly. The anterior extension is four to six times longer 
than the posterior one. The lumen of the gland at this stage 
is of about uniform width throughout, and this is approximately 
the long diameter of the 'nuclei of the cells in the gland wall 
The greater part of the cells resemble those of the epidermis 
except that the nuclei are more elongated than those of the 
latter. At the age mentioned above a few secreting cells with 
the large granular nuclei have already been differentiated. 
There are also several cells in the anterior end of the gland 
similar to those of the waall of the reservoir of the adult (Plate V, 
Fig. 1). The chitinous intima has already been developed at 
this stage. 

Not much change takes place in the gland at hatching or 
during the first instar except that there are more secreting 
cells and an increase in the size of the lumen of the gland. 
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The gland at the end of the first instar reaches a size of .10-. 17 
millimeters. Although the molted glands arc present in the 
cast skin of the first instar nymph, none were observed to 
secrete any liquid during the instar. In the second instar the 
brown staining tissue in the dorsal wall of the gland has 
appeared. The glands have also enlarged and filled out to 
some extent. During the successive instars up to the latter 
part of the fifth there is not much change in the abdominal 
glands except increase in size and the number of secreting cells. 
In the latter part of this instar, the glands begin to reduce in 
size and this reduction continues until the last molt at which 
time the glandular tissue has been almost completely absorbed, 
only a small amount of tissue being left in a ring around the 
base of the ostiolar prominence. 

The metathoracic gland and the reservoir in the adult 
begin to develop during the fifth instar. At the beginning of 
the instar there is no evidence of either the glands or reservoir. 
The early development of the metathoracic gland has not 
been thoroughly worked out. During the latter part of the 
last instar the reservoir was found as a thin pad of tissue 
similar in outline to the reservoir of the adult but much smaller 
in size The dorsal and ventral sides were in close apposition 
and there was no liquid present or color to the tissue. The 
ventral nerve cord at this time passes over the reservoir in a 
shallow groove along the median line of its surface. As the 
sac matures and becomes filled with liquid the nerve cord is 
pushed to one side or the other and remains in that position 
throughout the life of the insect (Plate I, Fig. 2). The meta- 
thoracie glands are well formed a few days before the end 
of the last instar and differ from those of the adult only in size. 

The reservoir in the newly emerged adult is still colorless 
and without any liquid in it. After the bug has fed the sac 
rapidly enlarges, fills with liquid and assumes its normal orange 
color. The remains of the ostiolar prominence which marked 
the openings of the nymphal glands show as transverse ridges 
much wrinkled at the interior part. There are two slightly 
raised tubercles above the vestigial ostiole but there is no 
distinct opening, merely two narrow reddish slits. Internally 
the dorsal part of the old glandular tissue with the orange 
color still present remains around the ostiolar prominence as 
the neck of the gland. The tracheal branches and tracheoles 
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which supplied the dorsal part of the old gland remain in the 
adipose tissue below the atrophied ostiolar prominence. 

Nature of the Secretion. 

The liquid which produces the offensive odor common to 
squash bugs secreted by both the metathoracic and abdominal 
glands consists of a volatile oil, very light yellow in color. 
The odor is suggestive of banana oil, amyl acetate, in both 
the adult and nymphs, but its odor is not exactly the same in 
both stages. The oil gives an acid reaction with litmus paper 
and has a very acrid taste, leaving a burning sensation on the 
tongue for several minutes. 

Function of the Glands. 

The function of the repugnatorial glands in the squash bug 
is believed by Kunckel (1S0(>) to be protective. The irritating 
nature of the secretion would tend to discourage insectivorous 
birds and predacious insects from eating the bugs. It might 
be possible that the glands have an excretory function in ridding 
the body of certain waste products. Further research would be 
necessary, however, to clear up this point. 

Summary. 

1. The glandular apparatus in the adult stage of Anasa 
tristis consists of two tubular glands in the metathorax which 
empty by ducts into a reservoir which in turn opens to the 
exterior through two ostioles located one on each side between 
the middle and hind coxae. 

2. The repugnatory glands in the nymphal stages consist 
of two glandular sacs lying just beneath the dorsal wall of the 
abdomen each opening to the dorsal surface of the abdomen 
by two apertures located between the fourth and fifth and the 
fifth and sixth segments. 

3. The metathoracic glands in the adult do not develop 
from the abdominal glands in the nymph nor are they related in 
any way morphologically to them but they do, however, per- 
form the same function. 

4. The metathoracic glands develop during the last 
nymphal instar while at the same time the abdominal glands 
are atrophying. 
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5. At each molt the chitinous linings of the abdominal 
glands are pulled out and left intact with the liquid still in 
them in the cast skin. 

6. Both glands and reservoir are of ectodermal origin 
being formed by invaginations of the body wall and having the 
cuticula, epidermis, and basement membrane of the body wall. 
The abdominal glands originate as ectodermal invaginations 
in the embryo. Some of the cells become differentiated into 
secreting cells before hatching 
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Fig. 2. 


Fig. 1. 
Fig. 2. 
Fig. 3. 

Fig. 4. 

Fig. 5. 

Fig. 1. 

Fig. 2. 


EXPLANATION OF PLATES. 

Plate I. 

Median, longitudinal, vertical section of the abdomen of a nymph showing 
abdominal glands with their trachea and nerve. 

a. ab. gl., anterior abdominal gland; n. gl., nerve to glandular apparatus; 
os. pr., ostiolar prominence; p. ab. gl., posterior abdominal gland; 
sp. tr., 3, 4, 5, spiracular trunks to third, fourth, and fifth abdominal 
spiracles; v. n. c., ventral nerve cord; 4, 5, 6, fourth, fifth and sixth 
abdominal segments. 

Dorsal view of a horizontal outline of the body of an adult male, showing 
nervous, tracheal and muscular systems of the glandular apparatus. 

b. w., body wall; ch. a., chitinous arm; c. cv., 2, 3, second and third coxal 
cavities; d. r., duct to reservoir; m. gl., metathoracic gland; n. v. r., 
nerve to valvular muscle; res., reservoir; tli. g., thoracic ganglion; 
t. res., trachea to reservoir; ts., testis; vcs., vestibule; v. ms., valvular 
muscle; v. m., valvular membrane; v. n. c., ventral nerve cord; 2, 3, 
second and third thoracic segments; T, IT, first and second abdominal 
segments. 


Plate II. 

Surface view of a small portion of a metathoracic gland. 

tr., trachea; tu., tubule. 

Surface view of the secreting tissue of an abdominal gland. 

al., alveolus; lu., lumen; tr., trachea. 

Transverse vertical section through an abdominal gland showing lateral 
muscles. 

gl., gland; 1. m., lateral muscles; d. v. m., dorso-ventral muscles; os. pr., 
ostiolar prominence. 

Ventral view of thorax of an adult. 

a. sp., abdominal spiracle; c. cl., coxal cleft; c. 2. 3, coxa of meso- and 
me ta- thoracic legs; o., epimeron of meso- and meta thorax; es., 
episternum of meso- and metathorax; f. w., fore wing; ms. s., meso- 
sternum; mt. s., metasternum; os., ostiole; os. pr., ostiolar peritreme; 
pi., plerae of meso- and metathorax; pr. s., prostemum; 1, 2, 3, prothorax, 
mesothorax, metathorax, respectively; I, II, IP, first, second and third 
abdominal segments. 

Dorsal view of the ostiolar prominence of a nymph. 

1. s., scar of opening through old gland pulled out in molting; os., ostiole; 
os. c., ostiolar canal; os. gr., ostiolar groove 

Plate III. 

Longitudinal, vertical section through the chitinous leaves of the ostiolar 
prominence of a nymph. 

b. m., basement membrane; cli., chitinous covering of body wall; ch. in., 
chitinous intima; ch. 1., chitinous leaves; ep., epidermis; gl. w., gland 
wall; m., muscle. 

Median, horizontal, longitudinal section through the left vestibule of 
an adult. 

ap., aperture from duct to vestibule; b. w., body wall; c. cv., coxal cavities 
of meso- and metathoracic legs; d. g., duct of gland; m. a. m., flattened 
extension of chitinous arm; os., ostiole; os. pr., ostiolar peritreme; p.t. 
sp., posterior thoracic spiracle; ves., vestibule; v. m., valvular muscle; 
vm., folded sheet of valve; w. res. d., wall of reservoir duct; 1, 2, 3, 
Chitinous arms. 
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Pig. 3. Median, longitudinal, vertical section of the abdomen of a nymph, showing 
glandular muscles. 

a. gl., anterior gland; a. m., anterior muscles; in. gl. m., interglandular 
muscle; ir. m., intermediate muscles; p. gl., posterior gland; p. m., 
posterior muscles. 

Pl^te IV. 

Fig 1. Transverse vertical section through ostiole of the abdomen of a nymph. 

b. m. f basement membrane; ch., chitinous covering of body wall; ch. in., 
chitinous intima; ch. 1., chitinous leaves; ep., epidermis; gl. w., wall of 
gland; os., ostiole; os. gr., ostiolar groove. 

Fig. 2. Trans /erse vertical section through ostiole of a nymph at the posterior 
edge of the chitinous leaves; abbreviations to parts same as in Fig. 1. 

Fig. 3. Longitudinal vertical section through the dorsal wall of an abdominal 
gland of a nymph. 

ch. in., chitinous intima; cy., cytoplasm; n., nucleus; nu., nucleolus. 

Fig. 4. Cross-section of the tube of a mctathoracic gland, highly magnified. 

cm., cell membrane; cy., cytoplasm; gr., granules in secretion; lu., lumen; 
n., nucleus; nu., nucleolus. 

F’g. 5. External view of left external orifice in an adult. 

c. cl., third coxal cleft; dk., disk; ep., 2, 3, epirreron of meso- and meta- 
thorax; gr., grooves of vestibule; mcs., mesothorax; met., metathorax; 
os., ostiole; os. p., ostiolar pcritreme; p. t. sp., posterior thoracic 
spiracle. 

Fig. 6. Longitudinal section through an alveolus of an abdominal gland of a 
nymph in the ventral part of gland wall. 

c. in., chitinous intima; d., duct; lu., lumen; n. 1., nucleus oflarge nucleated 
cell; n. s., nucleus of small nucleated cell; s. g., secreting granules. 

Plate V. 

Fig. 1. Longitudinal section through the ventral part of the body wall of a 
reservoir. 

c. in., chitinous intima; i. r., interior of reservoir; n., nucleus; nu., 
nucleolus. 

Fig. 2. View of glandular apparatus in the ventral part of the body of adult cut 
transversely through the ostioles. 

b. w., body wall; c. cl., coxal cleft; d. res., duct of reservoir; gl., gland; 
g. m., glandular muscle; h. c., hind coxa; os., ostiole; - s., reservoir; 
ves., vestibule; v. m.. valve membrane. 
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SOME EFFECTS OF TEMPERATURE AND HUMIDITY AS 
FACTORS IN THE BIOLOGY OF THE BEDBUG 
(CIMEX LECTULARIUS LINN.).* 

R. M. JONhS. 

Introduction. 

The life-history * of the Bedbug (Cimcx let tularin* Linn.) 
has been studied in widely separated localities, but not much 
attention was given to the factors of temperature and relative 
humidity. In the experiments recorded herein, the writer has 
used constant conditions of both temperature and relative 
humidity throughout the life-cycle of the insect. 

A review of the literature shows that nothing has been 
published on the weight of the egg, of the different instar 
nymphs and the adult, and the amount of blood consumed at a 
'‘meal” and during the larval period. The incubation period 
of the egg and the survival of the nymph without food have 
been worked out in part by other investigators. 

Historical. 

In reviewing the literature the writer found only a few 
publications on the bedbug relating to the type of work presented 
in this paper. Many important papers have been written on 
this insect, but only those that relate directly to the writers 
work are cited here. 

Girault (1912) found that the incubation period varied from a to 10 
days at 28°-31°C.; the average hatch occurred in 6 to 7 days. At 
Runcorn, England, during the months of June, July and August, 1912, 
Blacklock (1912) observed that the incubation period averaged 17 days 
under laboratory conditions. lie also states that when the temperature 
was increased to 22 °C. the average incubation period was 14 days, 
while at 2 5°C. the length of time was decreased to 10 days. 

Girault (1912) states that there was an average period of 6 days 
between molts under artificial conditions, but these were not given 

These studies were conducted in the Insectarv, Iowa State College, Ames 
Iowa, The writer wishes to express his appn ciation to Dr. C. J. Drake for 
guidance and supervision; thanks are also due Dr. C. H. Richardson, Mr. George C 
Decker and Mr. Roy Melvin for many suggestions and critiwsms. 
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Under favorable conditions of food and temperature, Marlatt (1016) 
found an average period of about 8 days between molts, the molting 
periods being shorter in the earlier stages and longer in the later stages. 
This gave about seven weeks as the time required for the insect to reach 
the adult stage. 

According to Girault (1010) if a bedbug is fed to repletion once in 
each instar, normal development occurs, though the bug will fake 
additional meals in any one instar after an interval of several days. 
Marlatt (1016) also observed that ordinarily but one meal is taken 
between molts and under favorable circumstances additional meals 
may be occasionally taken. 

Cragg (102)1) found that eggs are not laid until the female has fed, 
although the male organs are functional and the female can be fertilized 
before the first meal in the adult stage. 

Girault (1012) records the duration of life of first instar nymphs 
without food to be from 17 to 42 days under artificial temperatures, 
but these were not given. In his experiments with starvation of first 
instar nymphs, Bacot (1014) found the duration of life to be from 66 
to 126 days at 1 5°-l 7°C. The average life was 108 days. The following 
data are also taken from Bacot’s experiments: 

1. Temperature 24° C., humidity 65-70 per cent. 

Average life 10 days 

Longest life 21 days 

2. Temperature 31° C., humidity 70-80 per cent. 

Average life 7 days 

Longest life 11 days 

3. Temperature 35.5° C., humidity 25 per cent. 

Average life 5 days 

Longest life 8 days 

Marlatt (1016) states that young bedbugs, obtained from eggs, were 
kept in small sealed vials for several months, remaining active in spite 
of the fact that they had never taken any nourishment whatever. 
The conditions of temperature and relative humidity are not given. 


Methods. 

The experiments presented in this paper have been con- 
ducted under constant conditions of temperature and relative 
humidity. Incubating ovens were used to obtain the desired 
temperatures and the relative humidities were kept constant 
by using saturated solution of certain inorganic salts. The 
per cent of relative humidity which a salt will give has been 
taken from Spencer, International Critical Tables (1926), with 
the exception of sodium bromide which was determined in the 
laboratory. An inorganic salt, of course, registers a different 
per cent of relative humidity at different temperatures. The 
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salts and the per cent of relative humidity that each will yield 
in excess in water between 13°— 33° C. are given below. 


Potassium acetate 19' c 

Magnesium chloride 31-35' 0 

Sodium bromide . 55-65' 0 

Sodium chloride . . 74 76< 0 


The weight determinations presented in this paper were 
made on a Wm. Ainsworth and Sons Precision balance. 

The eggs were obtained from bedbugs kept in small stendcr 
dishes in a glass battery jar under a constant condition of 
27° C. and 75 per cent relative humidity. These bugs were fed 
every six days by being placed in wide mouth glass tubes and 
held against the forearm. The females laid their eggs on small 
circular pieces of paper toweling placed in the dishes for that 
purpose. At least once a day, or oftener when an experiment 
required an accurate record of the time the eggs were laid, the 
papers were taken out and the eggs removed with a camel’s 
hair brush. They were then put in other jars under the same 
conditions and used for the experimental work as soon as they 
hatched. 

The following method was employed in rearing the bugs. 
Short pieces of 8 mm. by 40 mm. glass tubing were ground to a 
roughened surface on one end by applying to an emery wheel. 
On this end was then glued a small circular piece of 00 mesh 
bolting cloth, the other end being closed with the cap of a 
No. 000 gelatin capsule in which holes were punched to allow 
free circulation of air. One egg was placed in each tube and 
this furnished the permanent home for the bedbugs. The 
cages containing the eggs were kept under the conditions as 
outlined above. After hatching the nymphs were permitted 
to feed by holding the tubes against the wrist, no difficulty 
being experienced by the nymph in inserting the rostrum 
between the meshes of the bolting cloth. By using this method 
it was not necessary to remove the bugs from the cages until 
after they had reached the adult stage. The jars were aerated 
each day by fanning in fresh air with a piece of cardboard. 

In determining the length of time required for incubation 
the eggs were placed in 10 mm. by 50 mm. shell vials. These 
were then placed in 20 mm. by 80 inm vials containing a satu- 
rated solution of the salt giving the desired relative humidity 
and tightly corked. The vials were also aerated once a day. 
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To determine the length of life of the first instar nymphs 
without food the nymphs were placed in No. 000 gelatin capsules 
in which many holes had previously been punched to allow a 
free circulation of air. The capsules were put in a small 
screen cage which was suspended in a pint Mason fruit jar con- 
taining a saturated solution of the salt giving the desired 
relative humidity. Aeration of the jars was performed daily 
as in the previous experiments. 

Life History. 

Egg. 

The egg, at time of deposition, is pearly white, somewhat 
oval, the cephalic end being closed by a disc-shaped lid. 
Shortly before hatching it becomes light yellow and the red 
eyes of the developing nymph can be plainly seen through the 
chorion. The length is slightly more than twice its width, the 
average of one hundred eggs being 1.0178 mm. in length and 
.484 mm. in width. Under the conditions used in this experi- 
ment the average incubation period was found to be 5.9 days. 

The method of hatching is similar to that found in many 
other Hemipterous insects. Nymphs escape from the eggs by 
opening the lid which covers the circular opening at the cephalic- 
end with an inverted somewhat pyramidal-shaped structure 
called the lid-opener. This lid-opener or egg-burster is attached 
dorsally to the membrane which envelops the nymph before 
emergence. After the apparatus has performed its function 
it slips back over the head of the emerging nymph and remains 
attached to the membrane, usually within the egg-shell. The 
nymph gradually works its way out until the antenna; and 
legs are free. As soon as the appendages are capable of move- 
ment the nymph pulls the tip of the abdomen out of the egg 
shell and seeks a convenient hiding place. 

Length of Instars. 

The bedbug molts five times. The writer has found no 
records of more than five molts, although Marlatt (1916) 
states that conditions of famine and unfavorable temperatures 
may result in additional molts. 

Under the conditions of 27° C. and 75 per cent relative 
humidity the lengths of the different stages in the bedbug were 
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5 days for the first instar, 4.5 days for second, 4 2 days for 
third, 4.6 days for fourth and 6 days for the fifth 

TABLE 1 

Summary oi Liil-history * 


Temperature 27° C. Humidity 75 per cent 



Stagl 

Tot a i 
Avlrage 
Days 

Egg 

1st 

2nd 

3rd 

4th 

5th 

Average 

days 

5 9 

5 0 

4 5 

4 2 

4 6 

. 

30 2 

Range in 
days 

5 6— 

6 1 

4-6 

4-5 

! 

4-5 

i 

4-5 

6 



An interesting and important point shown in the above 
table is a decrease in the number of days required between 
molts in the first three instars. The length of time required 
was about the same in the second and fourth instars, whereas 
the last instar required a longer period for development than 

GRAPH l 

Summary of Life-history. (Fifty Bedbugs). 



the others. Another interesting point is that the variations 
from the average time are not as great in the later instars as 
in the earlier stages, all requiring approximately the same 
length of time between molts in the fifth in star. These results 
are also presented in Graph 1. 


*Results based on records of fifty individuals reared from egg to adult stage. 
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Nymphal and Adult Stages. 

Newly hatched nymph white, nearly transparent, becoming 
light yellow within a few hours; the characteristic brown color 
of the more mature stages increasing with each molt. Engorged 
nymph enlarged, elongated, and brightly colored from the 
ingested blood Body outline oval and slightly convex. Eyes 
dark brown, located on side of head Antenna' 4-segmented, 


TABLE 2 

Mi \st Ri\iF ms oi Nymhim Insiars and Adui l SlAGr 



Si \r>r 

First 

See one! 

Third 

2 03 mm 

Fourth 

Fifth 

Adult 

5 5 mm 

Length before feeding 

1 2 mm 

1 8 mm 

3 07 mm 

4 2 mm 

Width before feeding 

606 mm 

1 02 mm 

1 28 mm 

2 7 mm 

1 97 mm 

2 3 mm 

3 0 mm 

Length alter feeding 

1 74 mm 

2 2 mm 

1 16 mm 

4 06 mm 

1 74 mm 

4 95 mm 

7 5 mm 

2 7 mm 

Width after feeding 

754 mm 

1 5 mm 

2 1 mm 

Length of antenna 
vScgment I 

056 mm 

058 mm 

1 

06 mm 

087 mm 

12 mm 

15 mm 

63 mm 

Segment TT 

145 mm 

2 mm 

261 mm 

38 mm 

45 mm 

6 mm 

Segment III 

232 mm 

31 mm 

38 mm 

49 mm 

69 mm 

Sc gment IV 

261 mm 

36 mm 

4 mm 

4 mm 

48 mm 

51 mm 

Tot il length of 
antenna 

722 mm 

! 

928 mm 

1 14 mm 

1 4 mm 

1 7 mm 

1 98 mm 

Total length of 
rostrum 

3 mm 

i 

46 mm 

52 mm 

67 mm 

75 mm 

9 mm 


densely pubescent, first two segments slightly thickened Body 
sparsely clothed with short hairs, those on outer margins being 
somewhat longer Rostrum 3-segmented Legs rather stout, 
pubescent, light yellow Females of the first instar may be 
distinguished from the males by the presence of minute genital 
characters on the abdomen by examining specimens mounted 
in balsam. 

The general chaiaeters of the later instars do not differ 
greatly from those of the first instar, except the increase in 
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size. The adult stage is, however, characterized by the appear- 
ance of the rudimentary wing pads. These measure 1 mm. in 
length and .0 mm. in width. The head and thorax are more 
punctate than in the fifth instar; the abdomen is also slightly 
punctured. The measurements of the five instars and the 
adult stage are given in Table 2. 

Imago. 

The precooulation period is short, mating usually taking 
place within a few minutes to an hour after the first feeding 
( )ccasionally, however, pairs have been observed copulating 
before having fed. 

The method of copulation has been very well described by 
Cragg (1914). The length of time the bugs remain in copulation 
varies from a few minutes to half an hour. 


TABLE 3 

Numrlr oi Eggs L\id ry Unild Flmvli Bi mu gs 


Loi 

No 

No 

Flmu ls 

j Nt mri k oi Eggs L\n> Even Du 

Toi u 
No Eggs 
L\id 

1st 

13 

S 

8 

2nd 

3rd 

4th 

5 th 

1 

6 

15 

7 

2 

0 

37 

25 

22 

2 

3 

4 

3 

10 

9 

5 

4 

2 

r 

0 

0 


Under 27° C. and 73 per cent relative humidity the pre- 
oviposition period was shortened somewhat over that reported 
by other investigators. Girault (1914) found that gg pro- 
duction began within 4 to S days after copulation, whereas 
the writer observed that never more than 3 days were required 
if the bugs were allowed to feed soon after the last molt 

Contrary to the statement of Marlatt (191(5) and Cragg 
(1923) the writer found that the female bedbug will lay eggs 
before feeding in the adult stage. Egg deposition usually 
begins within 5 to (5 days after fertilization and continues for 
3 or 4 days without the female ever feeding, the majority being 
laid on the first two days. The observations recorded on 
three lots, see Table 3, were taken on specimens reared under 
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a constant condition of 27° C. and 75 per cent relative 
humidity. 

The males and females of all stages require from 5 to 10 
minutes to engorge with blood. They then hide away in some 
secluded and convenient place for a period of from 5 to 10 days 
for the digestion of their enormous meal. During this time 
they will not feed, the time being occupied with digestion of the 
blood, coition and deposition of the eggs by the female. Observ- 
ations made during other experiments indicate that the female 
feeds more frequently than the male. 


Eggs. — Size and Weight. 

Size: With the aid of a calibrated binocular microscope 
one hundred bedbug eggs were measured to determine the 
variations in the length and width. The majority of the eggs 
conformed closely to the average measurements given in the 
table. However, some eggs were short and thick, whereas 
others were longer and more slender. 


TABLE 4. 
Size of Eggs. 


Number of Eggs 

Dimensions 

Range 

Average 

Measured 


(in mm.) 

(in mm.) 

100 

Length 

.966-1 073 

1.0178 

Width 

.355- .493 

.434 



Weight: One hundred eggs were carefully removed from 
the paper toweling on which they were deposited and weighed. 
The total weight was .0158 gram, giving an average of .000158 
gram per egg. 
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Incubation Period. 

As previous incubation records had been taken from experi- 
ments conducted under variable conditions the writer re- 
peated this phase under conditions of constant temperature 
and relative humidity. The effect of temperature upon the 
period of development of the egg is given m Table ."> The 
range in number of days required for incubation varies with 
the temperature, the greatest variation occurring at the lower 
temperatures 


TABLE 5 

I nci in i ion Privioi) or Ei.os 


TbMPr RAH R1 

Ri i \nvi 
III MIDI 1 \ 

\u <>l 

II V I ( HI D 

i 

Inc i huionPi moi>,Dv 


Numlu r 

Per Cent 

Riinja 

Avudtfc 

15° C 

75', 1 

50 

50 

100', 

21 3 23 4 

22 5 

23° C 

7.7 , 

1 50 

50 1 

100' f 

10 4 11 S 

11 0 

27 V 

7.7 , 

50 

50 

100', 

5 (> 6 1 

5 0 

30 °C 

7.7 , 

50 

l 

_50 

1 00', 

4 S 5 1 

5 0 

3rc 

7.7 , 

1 50 

50 

100', 

4 3 4 S 

4 5 


Dinatwn oj Lijc oj Aymphs Without hood 

Five hundred nymph, (see Table 0) were secured from 
eggs which had been incubated under a constant condition of 
27° C and 73 per cent relative humidity to determine the 
length of life of the newly hatched nymphs without food under a 
wide range of controlled conditions of temperature and relative 
humidity. None of the five hundred fasting nymphs 'were 
able to attain the second instar without food 
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TABLE 6 

Duk\ii<>\ oi Nympii w Lii e Wiihoii Fixid 


No or 
Nymphs 

Tr mp 

Rtl \TIVI 

Hi MIDI I \ 

LrNc/m oi Lii i in Dy\s 

Minimum 

Maximum 

Aveiage 

25 

13°C 

19' ( 

24 

<S4 

62 6 

25 

13 °C 

34' ( 

28 

100 

72 4 

25 

13 °C 

os' 1 , 

80 («0* 



25 

ire 

76' ( 

87 (1.) 



25 , 

2i°C 

19' < 

21 

30 

25 5 

25 ! 

23 C 

3F, 

23 

57 

38 5 

1 

— — — 

— 

— 

— 

— 

25 1 

2J°C 

62' , 

52 (c) 



25 

23 c C 

75' f 

30 (d) 



25 

27 C 

19' , 

15 

25 

18 1 







25 

27 °C 

33' , 

17 

29 

21 6 

25 

27 C 

60' , 

IS 

44 

30 0 

25 

27 °C 

75' , 

22 

4S 

32 0 

25 

30 C 

19' , 

11 

16 

12 2 

25 

30 °C 

31' , 

11 

17 

13 4 

25 

30 C C 

57' < 

12 

28 

20 4 

25 

30 °C 

75', 

22 

36 

27 7 

25 

33 °C 

19', 

5 

14 

9 6 

25 

33 °C 

' 32' , 

7 

16 

11 0 

25 

33 °C 

55' f 

13 

26 

16 5 

25 

33 C 

74', 

17 

35 

24 6 


*(a) Two dead it end ol ( )0th da\ 

(b) One dead at end of 91st da\ 

(c) Fourteen dead at end ol 85th dav 

(d) Twelve dead at end ot 86th da\ 
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Weight of Bedbugs. 

The average weights of the bedbug, before and after feeding, 
are given in the table below. 


TABLE 7. 

Wl IGHT OI Bl Dm GS 






- 


p — 




Si VGL 




1st 

2nd 

3id 

4 th 

5th 

Adult 

No of indi\ iduals 

50 

50 

50 

50 

50 

50 

A\ erage weight befoi e 
feeding, in grams 

00014 

00029 

00078 

0014 

0029 

006 

A\eiagc weight aft<r 
Let ding, in grams 

0012 

0019 

0034 

1 

0059 

0124 

0255 


Blood Consumed During Nymphal Stages. 

To determine the amount of blood the bedbug consumes 
at each “meal” and during the entire growing period from the 
time of hatching until the adult stage is attained twenty newly 
hatched nymphs were placed in separate cages and reared to 
the adult stage under constant conditions of temperature and 
relative humidity. Each bug was fed the day following hatch- 
ing, the day following molting in the different instars and was 
also given an opportunity to feed every third day after the first 
feed in each instar. In most instances the nymphs fed but once 
during each instar However, there were two exceptions, 
nymphs number 8 and 9 each fed twice during the third instar 
The amount of blood consumed by each nvmph is tabulated in 
Table 8. 

The twenty individuals discussed in Table S hatched on 
March 21 and molted (1) March 2(>, (2) March 21, (2) April 5, 
(4) April 11 and reached the adult stage April 17. Hence, 
under constant conditions of temperature, relative humidity 
and food all the twenty nymphs, except numbers 8 and 9, 
required approximately 5 days for the first instar, 5 days for 
second, 5 days for third, 0 days for fourth and (> days for the 
fifth, or a total of 20 days to reach the adult stage. 
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TABLE 8. 

Amount oj Blood Consumed During Nymphal Siages. 
(Temperature 27° C ; Humidity 75^). 


Nymph No. 

Instar 

Toi\i Amoi 
in Grams 

1st 

2nd 

3rd 

4 th 

5th 

1 

0014 

0017 

0024 

0053 

0106 

0214 

2* 

0008 

0011 

0015 

0038 

0078 

0150 

3 

0009 

0015 

0025 

0057 

0096 

0202 

4 

0010 

0016 

0020 

0044 

0101 

0191 

5 

0009 

0015 

0016 

0040 

0083 

0163 

6 

0008 

0015 

0032 

0042 

0105 

0202 

7* 

0007 

0010 

0013 

0028 

0069 

0127 

S (a) 

0015 

0017 

0016 

0029 

(K)66 

010'' 

0259 

9 (a) 

0016 

00 IS 

0014 

0019 

0019 

0100 i 

0200 

10* 

0012 

0021 

(X)20 

0035 

00<).-> I 

0185 

11* 

0007 

0011 

0017 

0030 

0074 

0142 

12 

0017 

(K)22 

002S 

0048 | 

0105 

0220 

13 

0009 

0016 

0021 | 

0044 i 

1 0104 

0194 

14* 

0010 1 

0015 

0017 | 

0030 

0093 

0174 

15 

0016 ^ 

001S 

0024 | 

0019 

1 

(KXH) 

0197 

16 

0013 

0018 

0022 

cxns 

0100 

0211 

17 

OOOS 

0014 

0029 

00)5 

0i03 

0209 

18 

0016 | 

0020 

(XL 6 

0048 

<X)9S 

0208 

19* 

0009 

0013 

0018 | 

0013 

0087 

0160 

20 

0018 

0023 

00-31 j 

0063 

0110 

0245 

Avg. of 6o ?1 

Avg of 14 $ . 

0009 

0013 

0014 

0017 

0017 

0029 

(K/34 

0050 

i 

0083 

0101 

0156 

0209 

Avg (f and 9 

0011 

0016 

i 

0026 

0043 

1 

0095 | 

0193 


* Male bedbug*- 

(a) Nymphs number 8 and 9 each fed twice during the third instar, the day 
following molting and again on the third day 
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The variations in the amount of blood consumed by the 
immature bedbugs seem to be due largely to the variations in 
size of the different individuals. The nymphs were allowed to 
feed without interruption until engorged and apparently 
satisfied The results show that , as a rule, the female nymphs 

GRAPH 2. 

Rsiatiyi PlrCem Iv ki ysi inWfk.ht \m> in Ayioi m oi Biood 
Con s i mi i) iiy Mmphn 



generally consume more blood during the period of growth than 
the male. 

The ratio between the relative per cent increase in weight 
and in the amount of blood consumed, by weight by the nymphs 
in the different instars is shown in Graph 2 This graph is 
based on the results presented in Tables 7 and S and shows 
quite distinctly the approximate ratio between the increment 
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of growth and increment of blood consumption. The relative 
increase in the amount of blood consumed by the mature 
bedbug is based only on the first feeding after the adult stage 
is attained. The relative per cent increase in growth is 
increasingly greater than the relative per cent increase in the 
amount of blood consumed, particularly in the later stages. 

The experiments presented in this paper were conducted 
during the winter and show conclusively that the bedbug will 
reproduce throughout the year under certain conditions. In 
the fall some female bugs, under room conditions, stopped 
laying after the weather turned cold. About two months later 
these bugs were placed in an incubator at 27° C. and 75 per cent 
relative humidity. Egg deposition was resumed by all the 
females in 5 to (> days and continued regularly throughout the 
rest of the winter. The bedbug does not hibernate during the 
winter when the temperature, relative humidity and food 
conditions are suitable for continued activity. According to 
Marlatt (191(>) the activitv is at its greatest between (>(F and 
98° F. 

Summary. 

1. Fifty adult bedbugs were reared from the egg under a 
constant condition of 27° C. and 77) per cent relative humidity. 
The average time required for the different stages were; incu- 
bation period 5.9 days, first instar 5 days, second instar 4.5 
days, third instar 4.2 davs, fourth instar 4.(i davs and the 
fifth instar (> days. The average time required to reach the 
adult stage was .*>() 2 days. The length of the second and third 
nymphal stages was always shorter than the first. The varia- 
tions from the average time required in each instar Wjy’s not as 
great in the later instars as in the earlier stages. 

2. The pieoviposition period of the adult, the incubation 
period of the eggs, and the developmental period of the nymphs 
showed considerable variation under room conditions, but 
remained relatively constant at uniform temperature and 
relative humidity. 

3. Contrary to other investigators it was found that the 
female will lay eggs before feeding in the adult stage. 

4. Temperature and relative humidity are important 
factors in the incubation period of the egg and the duration of 
life of nymphs without food The length of life varies inversely 
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with the increase in degrees of temperature above 13° C. 
Relative humidities below 50 per cent cause death of the 
nymphs in less time than those between 50 and 75 per cent. 

5. The amount of blood consumed at a “meal” and 
during the entire growing period was ascertained. The bugs 
usually fed but once in each instar and the variable amounts 
consumed ,were due largely to the difference in size of the indi- 
viduals. The increase in weight of the nymphs in the different 
instars was slightly greater than the increase in the amount of 
blood consumed 

0. The size and weight of the egg, weight of the different 
stages, and the measurements of the five instars and the adult 
stage are presented in this paper 

7. The bedbug does not hibernate during the winter w T hen 
the temperature, relative humidity and food conditions are 
suitable for continued at tivitt . 
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CONCERNING VELIA INVERUGLAS KIRKALDY AND 
RELATED FORMS. (VELIIDiE-HEMIPTERA) . 


H. B. IlrNGftKroRD, 
University of Kansas, Lawrence. 


There are several closely related species of South American 
Velias that resemble superficially the Velia rivuhirtim Fabr. and 
Velia currens Fabr. forms of Europe more closely than any 
of the other Velias of the western hemisphere. These western 
forms possess certain structural characters in common that set 
them apart from the European Velias and indeed from the 
western groups which 1 have listed in another paper. This 
group I have called the Velia inveruglas Kirkaldy group and 
have assigned to it the following: Velia boliviana Breddin, 
Velia albotrimaculata Kirkaldy, Velia osborniaiia Kirkaldy 
(—V. brunnea Osborn) and my Velia helence. The last one 
tentatively, because I do not know the male. 

I have examined the types of all except Velia boliviana 
Breddin, which appears to have been lost. Breddin described 
this species from a single female which he said was in his own 
collection. I have seen that part of his collection which was 
received by the Deutsches Entomologisches Museum in Berlin- 
Dahlem and failed to discover this specimen. Nor did I find 
it in other European museums in which I worked. It is my 
understanding that a portion of I)r. Breddin’s collection is not 
now extant. 

It is unfortunate that Breddin’s type cannot be examined. 
Velia boliviana Breddin (ISOS) was the first of this group to be 
described and came, of course, from Bolivia. The others are in 
order : 

Velia inveruglas Kirkaldy ( 1 899) Ecuador 
Velia albotrimaculata Kirkaldy (1899) Venezuela 
Velia osbomiana Kirkaldy (J909). Bolivia This is a new name 
for Velia bmnnea Osborn, 1904, because Doctor Osborn’s name was 
preoccupied by Velia brunnea Horvath 0898). Doctor Horvath’s 
species is now recognized as a synonym of Velia noualhivri Puton 

Velia helenae IJungerford (1929). Peru. This species is smaller 
than the others and readily distinguished by its orange-red head and 
pronotum. It presents the three white spots on the closed hemelytra 
as does Velia albotrimaculata Kirkaldy, but they are irregular in outline. 

120 
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The pronotum is not so long and pointed behind. The inject is shorter 
in length and does not have the pale arm ulalion^ on the legs as in Velia 
albotrimaculala Kirkaldy. 

Velia albotrimaculata Kirkaldy. 

Velia albotrimaculata Kirkaldy was described from a female 
in the Royal Museum at Brussels where, through the kindness of 
Doctor A. Ball, I had the pleasure of examining it. This species 
is also distinctly different from the earlier species described in 
this group. The type bears the labels “ 9 type,” “Coll. 
Camille Van Volxeni.” The antenna. 1 are entirely gone. 
The following notes and the drawings submitted with this 
paper may assist in the recognition of this species for the original 
description is not accurate in certain particulars. 

Size: Length, S 2 mm ; width across head, 1.25 nun ; width across 
humeri, 2.<> mm. (Kirkaldy gives length, 7 mm ; width, :> mm.). 

Color: Head and pronotum dark; covered with a “frost” which 
shows more in some lights than in others. Anterior half ot pronotum 
carinate; surface of pronotum pitted. The three white spots on the 
hemelvtra (folded) nearly round. Underside of thorax dark, of abdomen 
faintly orange-brown. Co\a\ trochanters, a ring near the base on 
the legs, pale lemon, nearly horn in color. (See Plate I. Figures 12 
and b‘5). 

Structural Characteristics: In connection with the original descrip- 
tion it should be noted that the pronotum is long and pointed behind. 
The hind femora are not conspicuously “stout” when compared with 
some other Velia and they are provided with six stout spines of equal 
length on the distal three-fifths of the rear margin. No stridular area 
on the femora 

An examination of the types of Velia inveruglas Kirkaldy 
and Velia bnnniea Osborn revealed such structural resemblance 
that I have felt impelled to make a critical study of them and 
such other specimens as appeared might be one or the other of 
these forms. This has resulted in the recognition of two new 
species which will be described below. 

For the benefit of students who may be interested in the 
Velia, I will first present some notes on the type of I el hi 
inveruglas Kjrkaldy. 

Size: Length, 7.2 mm.: width across head, 1.20 mm ; width across 
humeri, l.Smm. 

Color: This apterous type is chocolate brown with giayish frost- 
like surface. Pronotum not margined by a difterent color. Legs also 
chocolate brown. The abdomen is covered with golden brown hairs 
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sparser alcove than below. Ten smooth, shiny, black spots showing 
plainly on side of the abdomen. The round ones near middle of seg- 
ment, the others transversely elongate and located just behind the 
interscgmental lines — thus the round spots alternate with the long 
ones. (On other specimens of this group there are twelve such spots 
and probably also on the type, but they do not show plainly.) 

Structural Characteristics: The type is an apterous male. The 
vertex of the head with a deep pit behind a middle line drawn between 
the eyes and a little nearer the inner margin of the eye than the median 
longitudinal line. Antennal formula: 1st :2nd : drd : 1th : :7 : 7>.;p : 
o f ‘ o.fi. 

First antennal segment not much incrassate and its tip surpassing 
rear margin of the eye. Front femora slightly indented on anterior 
margin. Hind femora and tibia are longest, the femora unarmed or 
incrassate. Front tibia : front femur : : II : 11 ; middle tibia : middle 
femur : : ld.d : b‘>; hind tibia : hind femur : : 20 : Id. (In the above 
measurements I used the greatest length of the femur.) From tarsus 
is did mm. long the third segment longest; the middle tarsus is I.d mm. 
long, the first segment M mm., the second d mm., the third .7 mm ; 
the hind tarsus is 1.7 mm. long, the first segment .2 - mm. the others 
equal in length. (Tn the above I have used the greatest length of the 
third tarsal segment.) I find difficulty in understanding Doctor Kirk- 
aldy’s description: “Anterior tibia one-tenth longer than the femur, and 
twice as long as the second, which is twice as long as the first. Inter- 
mediate tibia one-fifth longer than the femur and one-fourth longer 
than the tarsus, third tarsal segment one-half longer than the second, 
the latter three and one-half times longer than the first. Posterior 
tibia one-half longer than the femur, and two and one-third longer 
than the tarsus, second and third tarsal segments subequal, each 
about four and one-half times as long as the first.” 

Prothorax is constricted in the middle and on the anterior part of 
the pronotum there is an oblique depression either side of the median 
carina. Rear margin of pronotum semicircular. The connexivum is 
rather broad, the width a little more than half tiie dorsum, and nearly 
erect. The caudal end of connexivum produced about one-third the 
length of the last abdominal segment and not sharply pointed. The 
dorsum of the last abdominal segment (preceding the genital segments) 
with a depression on either side. The last ventral abdominal segment 
is faintly tricarinate, the median ridge being slightly produced beyond 
the rear margin. Last genital segment slightly emarginate at dorsn- 
distal margin, (lenital segments more hairy than other parts of the 
body. A strong pit on each coxa, beneath and near the distal margin. 
No stridular area visible on hind femora or margin of abdomen. For 
drawings see Plate I, Figures ff and 1 1. 


*Not counting the small intei segment. 

fCounting the small intersegment between 2nd and 3rd. 
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Velia osborniana Kirkaldy = Velia brunnea Osborn. 

Doctor Herbert Osborn kindly sent one of his paratypes for 
examination. I find that the male genital claspers are very 
close to Velia invcrughis Kirkaldy. The antennal formula of 
the male sent to me by Doctor Osborn follows : 1 st :2nd :3rd :4th : : 
9:7. 5:5. 3:7. The suranal plate hooks appear to be a little 
longer than in Kirkaldy \s wingless J r . invent glas. 1 have, 
however, a small series of specimens from Marcapata, Peru, 
in which the wingless male hooks have a spread of only three- 
fifths that of the winged form. It may be that the winged 
forms have longer hooks than the wingless. I beliexe that 
certain specimens with the humeri and entire surface of pro- 
notum back of them orange-yellow belong to this species 
which, typically, has only the margin of the pronotum behind 
the humeri pale; one such specimen conies from Chaco, Bolivia, 
and belongs to the Museum at Stockholm. 

Velia boliviana Breddin. 

The measurements given by the author fit very closely some 
of the specimens above and may apply to those with the large 
orange-yellow areas on the pronotum. It is certain that this 
species and the two above are exceedingly close. Those 
described below are new. 

Velia flavomargmata species new 

Size: Length, S I mm ; width of head, I.(> mm ; width across 
humeri, 2 S mm 

Co/or: General color nearly black, including antenme and legs. 
Pronotum margined all around with an orange-yellow band. Margin 
of counexivutn also orange-yellow 

Structural Chat in In istic s: Head, with vertex short nearly flat, 
front of moderate length. Front margin of pronotum narrower than 
the head Ant( ro-lateral margin^ diverging to the humeri, but mark- 
edly constricted in the middle. Median longitudinal carina present; 
disk of pronotum higher than the humeri vhich are elevated Portion 
of pronoHim behind the middle oi the humeri plainly longer than that 
in front; rear margin broadly rounded. Gonnexivum ending caudally 
in a stout sharp projection, longer than last dorsal abdominal segment 
Only two antennal segments present on any of the four specimens, 
formula for them- 1st :2nd : : S : 7. 

Ilind logs longest and about equal *n diameter. Distal tarsal 
segment of front and middle legs longest ; middle tarsal segment ot 
hind legs longest. Suranal plate hooks of male short, flat, incon- 
spicuous. Clasper as shown in figure. 
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Described from four specimens (two males and two females), 
three of which are winged. They bear the following label: 
“Cardiir® centr. (Colombie) Passo del quintio Dr. O. Thieme, 
1877.” Types in the British Museum. 

Velia columbiensis species new. 

Size: Length, 9 mm.; width across the eyes, 2 — mm.; width 
across the humeri, 2.4 mm. in the apterous form; width across the 
widest part of thorax 2.8 mm. 

Color: Body black, rear margin of pronotum orange-yellow 
Head and lateral margins of pronotum clothed with silvery pubescense. 
Golden pubescence on abdomen, most pronounced on the connexivum. 
Antenna and legs brown. 

Structural Characteristics: Related to preceding species but having 
connexivum produced caudally but very slightly. Pronotum behind 
the median line of humeri little if any longer than that in front. Disk 
of pronotum not higher than the humeri. Antennal segments and 
legs relatively shorter than in preceding species. Only two antennal 
segments remaining on the two specimens at hand: 1st :2nd : : 7.3 : 
(j.5, in the female. In the male the first segment is longer. The 
suranal plate hooks and the claspers of the male as shown in the 
figures. (Plate I. Figs. 3 and 4). 

Described from two wingless specimens, a male and a female, 
from Columbia. The male bears the label, ” Columbia Goudot 
Coll. 1840-20.” 


EXPLANATION OF PLATE I. 

Concerning Velia invernglas Kirkaldy and Related Forms. 
(Vehida'-IIcmiptcra )» 

Fig. 1. Left genital clasper of male Velia tnveruglas Kirkaldy showing it in as 
flat a view as possible. 

Fig. 2. Suranal plate hooks on male of Velia flavonuir ginala sp. new 
Fig. 3. wSuranal plate hooks on male of Vclui t olombiensis sp. new. 

Fig. 4. Left genital clasper of male ot Velia columbiensis sp. new. Same view as 
in Figure 1. 

Fig. 5. Suranal plate hooks on male ot Velia tnveruglas Kirkaldy. Specimen ol 
my determination. 

Fig. 6. Suranal plate hooks on male of Velia osborniana Kirkaldy {—Velia 
brunnea Osborn) drawn from a paratype. 

Fig. 7. Side view of male genii al segments of the paratvpe of Velia brunnea 
Osborn. Shows the hook on the suranal plate and the left clasper. 

Fig. 8. Left genital clasper of male of Velia flavomar gxmita. 

Fig. 9. Sketch of the type of Velui inveruglas Kirkaldy sp. new. (Dorsal view ) 
I have shown both the suranal hooks and claspers. 

Fig. 10. Rear view of the tip of Velia brunnea Osborn paratype. 

Fig. 11. Side view of the male genital segment of the type of Velia inveruglas 
Kirkaldy. In this sketch I did not show the suranal hooks. At the 
right is a free-hand sketch of the tip of the clasper seen from the rear. 
Another view of this clasper would look like Figure 1. 

Fig. 12. Hind leg of the type of Velia albotrimaculala Kirk. 

Fig. 13. Velia albotrimaculata Kirkaldy — sketch of type in Brussels Museum. 
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OBSERVATIONS ON THE BIOLOGY OF PROTORTONIA 
PRIMITIVA (COCCIDjE). 

Fran/ S( hr \der, 

Br\n Maur College, Brvn Mawr, Pennsylvania. 


The ])roblem of the interrelationship of the various forms of 
CoceideT still presents so many questions that any generalization 
on the broader aspects of their phylogeny still rests on a very 
insecure basis. It is true that in recent years the taxonomy of 
the group has been attacked with a fresh vigor, but most of the 
work of the systematists has naturally been concerned only with 
the external morphology. v So far as such studies admit, there 
seems to be common agreement that the most generalized of the 
Cocckke, and those perhaps closest to an ancestral type, are 
represented by the Monophlebinae (or more comprehensively 
the Margarodida* of Morrison, ’28). Any further light thrown 
on that family especially is therefore of interest and it is with 
that justification that the present study of the life cycle of one 
member of the group is given.* 

GENERAL OBSERVATIONS. 

The form under consideration is Protortonia primitiva . It 
was collected during the early part of the years 15)28 and 1925) 
at the following localities in Guatemala: Antigua, Guatemala 
City, and Salama. The host plant is Urera baccifera , the 
ehichicaste of the Indians, which is much used as a hedge plant 
and is very effective in keeping enclosed areas inviolate because 
of its virulent stinging hairs. Not as large as some other 
members of the family, Protortonia primitiva nevertheless 
attains a respectable size, the adult female reaching a length of 
8 mm. The colors of the living specimen are black and fiery red, 
so that despite the fine coating of waxy secretion that covers 
the body soon after the molts, the insects are rather conspicuous. 

In none of the collection localities was the host plant heavily 
infected. Moreover, the occurrences were sporadic, so that 

*1 am indebted to Dr. Harold Morrison for the identification of the coecid, 
and to Dr. P. C. Standlev for the identification of its host plant. To Senor A. 
Gebhardt, of Salama, Guatemala, I give my thanks for a generous hospitality as 
well as aid in the field work. 
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while certain plants in a hedge might carry a colony of the 
insects, adjoining plants were not infected. Jt may he mentioned 
in this connection that such a comparative scarcity is shared 
by many other Margarodidic and most collectors will bear me 
6ut on that point. vSo far as Protortonia primiliva is concerned, 
no good explanation of this finding is available. There can be 
no competition for food in the species, for there is no dearth of 
the host plant. Moreover, the stinging hairs of the plant must 
protect the insects from many of their larger enemies. On the 
other hand, this protection is of course of no avail against 
predaceous Coleoptera and parasitic Ilymenoptera, and enemies 
of these types were indeed encountered in small numbers. 
Rut so far as field observations go, enemies of this kind were not 
present in large enough numbers to constitute a decisive factor 
in the scarcity of Protortonia, although it must be stated that 
this conclusion rests on no systematic and detailed study. 
Two other factors should be mentioned. One is the com- 
paratively small size of the broods of the individual females, 
while the other lies in the conditions of mating, as is pointed 
out below. 


MA I IN Ci. 

Copulation occurs readily if both the male and female are 
at the right stage and in good condition. Unlike the females 
of certain other Coceitke, that of Protortonia primitiva does not 
mate until after the third molt, when it has reached the adult 
stage. Immediately after this molt, the female arches the 
abdomen over its back so mat the genital opening, which 
normally is in a ventral position, is brought to the dorsal side. 
This posture is held for some time and is held even when the 
female begins to wander restlessly about the plant after waiting 
quietly for one or tw r o days. 

The adult male does not go through any courting move- 
ments. Most males become aware of the proximity of an adult 
female only when very close to it, and so far as can be deter- 
mined by observation, remain oblivious to it if the distance 
.separating them is greater than an inch. The male’s approach 
does not seem to depend on sight alone, for the male becomes 
excited even when the female happens to be located on the 
opposite surface of the leaf. The act of copulation is simple, 
the male crawling on to the back of the relatively much larger 
female, approaching the posterior end, where it takes a position 
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facing in the same direction as the female, and bending its 
abdomen around to the ventral side of the latter. The arched 
or recurved position of the abdomen of the female is given up 
as soon as its body is touched by the approaching male and 
during the actual copulation only the tip or posterior end is 
raised slightly off the supporting surface. The male, while 
copulating, throws both wings forward so that in the extreme 
cases the under surfaces of the wings are resting on the back or 
sides of the female. The time of copulation is variable, lasting 
from 10 to 40 minutes, the average time for 19 copulations 
being a fraction less than 22 minutes. 

Both the male and the female may undergo copulation 
repeatedly. One male mated three times in the space of 85 
minutes, but the duration of each of these was short. Usually 
one copulation is not followed immediately by another and a 
more normal case is that of a male which mated five times in the 
space of 7 days Females may also copulate repeatedly with 
the same or different males and one female was observed to 
mate three times within one hour. 

However, in about 4 days after copulation, the fertilized 
female begins to form its egg sac, which m covering up the 
genital opening makes further mating impossible. This egg sac 
is in the form of an irregular mass of waxy threads formed in the 
vicinity of the genital opening and does not have the definite 
and beautiful shape seen in various species of leery a. At the 
time of its formation, other wax glands distributed over the rest 
of the body also become active and shorter threads may finally 
envelop the entire body of the female. Jf mating does not take 
place, the female does not form this cottony egg sac so soon, but 
finally, at the end of 9 or 10 days it also begins to secrete this 
mass of waxy threads that make copulation impossible. It will 
be seen, therefore, that the time in which the female can be 
fertilized is relatively short and indeed it is possible that some 
type of degeneration sets in before the end of this short period 
for one female which mated fi days after molting produced no 
young. Since the adult male lives only from 2 to 7 days (the 
adult life of G males averaged ohdays) it is possible that in these 
short periods of reproductive effectiveness in the two sexes we 
have a factor which is in part accountable for the scarcity of the 
species, especially when it is considered that the colonies are 
small and scattered, and the flight of the adult male is weak and 
cumbersome. 
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EGG-LAYING AND PARTHENOGENESIS. 

The fertilized female usually seeks a crevice in the bark of 
the host plant soon after copulation. The eggs are laid into 
the cottony mass or egg sac which has been formed previously, 
the first eggs being extruded in from 4 to b days after copulation, 
(in K females this time averaged 4 1 ■> days). The female 
Protortonia does not feed after its last molt, so that nearly all 
the materials necessary in the growth period of the eggs (the 
eggs of females in the third instar are still very small) must be 
present in the body at that time. The number of eggs laid is 
relatively small, three females under observation producing 1 (V, 
bO and (ib eggs, respectively. It is quite possible that these 
numbers are often exceeded and to some extent there is correla- 
tion between the size of the female and the number of its eggs. 

The unmated females also lay eggs, although in much smaller 
numbers, (4 unmated females laid 2, (i, 13 and 20 eggs, respec- 
tively). Externally these eggs appear cpiite like the 1 fertilized 
eggs, but eytological examination shows that they undergo no 
development. Of 2b unmated females, not one laid eggs that 
produced young. Tt is therefore evident that parthenogenesis 
does not occur in Protortonia primitive. 

THE S'JAGEs FROM EGG JO ADl'L I . 

The following data represent an outline of the study of the 
brood of a single female. No such careful records were kept 
of other broods, but enough information was gathered to show 
that the one here in question is typical. 

The brood consisted of o() first instars or larva?, of which 4!) 
were raised successfully to the adult stage. The temperature 
during the period of observation varied from (ib° to slightly over 
1(K)° F., the average being in the neighborhood of 7N. n 

Before taking up the various instars of the insect, some 
reference to conditions in the eggs before hatching is called for. 
As is well known, in most of the coccids sufficiently studied, 
development goes on to a variable extent in the body of the 
mother. In many cases the embryo has already undergone 
the turning or revolution of its bock, when the egg is extruded. 
Such is not the case in Protortonia primitive. There even the 
earliest cleavage divisions seem to take place after the egg has 
been laid, and the female plainly is not viviparous. In this 
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respect, therefore, the conditions resemble those of more 
primitive insects. 

The reproductive system itsglf is however very much4ike 
that of other margarodids. The vagina, a short distance from 
the genital opening, gives rise to two oviducts. These in turn 
are continuous with two ovarian tubes to which the ova and 
their nurse cells are directly attached. Communicating with 
the vagina is a small pocket which has every appearance of a 
spcrmatheca. In the majority of insects, sperms are stored in 



Fin 1 Rt pr mIik l i \ i s\*st< m of a tt malt <»f Protnrtoma prumtiva 
in 1 hi third instai 

the spcrmatheca and are released in small numbers as the eggs 
pass the spermathecal opening. But in the present case, the 
sperms are not retained in this pocket, but travel up the entire 
length of both ovarian tubes Therefore it is likely that in most 
cases the eggs have already been fertilized when they pass the 
spermathecal opening to be extruded. Accessory glands such 
as have been described in other groups of the Cocci dne (Berlesi, 
'()\)) are not present in Protortonia. It is probable that as in 
s)ine other margarodids, their function is taken over by the 
numerous excrescences of glandular tissue covering a large region 
of the lower part of the reproductive duct. (See text figure). 
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A feature that may be peculiar to margarodids is to be found 
in the fact that the two ovarian tubes come together and fuse 
anteriorly. 

The first larva? hatched from the eggs in 23 days The 
average duration of the period between egg laying and hatching 
was 24 days. These first instars were quite active, migrating 
to the finer branches and the under side of the leaves before 
attaching themselves. Once attached, this as well as later 
instars seldom moved before the following molt, although in a 
very few cases such shifts in position were observed. 

The earliest first molt occurred 13 days after the first eggs 
had hatched, but the average duration of this first instar was 
20 days. In molting, the old skin splits in the midline of the 
anterior half of the dorsal side and this split may extend around 
the head to the ventral side. The process of molting max' last 
six hours or longer. 

The second instars after the molt just mentioned, show a 
tendency to migrate from the leaves to somewhat stouter 
branches. The shortest duration of the second instar was 11 
days. The average duration of this instar w\as 14 da\s The 
second molt, which terminates the second instar, takes place 
;ust like the first molt. 

Following this molt, the practiced eye can distinguish males 
from females by casual examination, the males being longer and 
tlatter. The further history is different for tlu* tw T o sexes, the 
female undergoing only one more molt before reaching the adult 
stage, while the male goes through two more molts The first 
female to go through its last molt did so 17 days after the 
earliest second molt The average female spent 22 days as a 
third instar. The males, after their second molt, migrate to a 
crevice or dark corner where, after one or tw r o days, they secrete 
a mass of w T a\ threads to form a cocoon, which completely hides 
them from view. In this cocoon they undergo the two molts 
mentioned above. The first male emerging as the' winged 
adult, passed through its third and fourth instars in lb days 
The average duration of these tw T o instars taken together was 
20 days. 

Counting tltfe adult stage, the female thus has a total of four 
instars, while the male has five. Nevertheless, the time interval 
between the copulation of the parents and the attainment of the 
adult stage by their offspring w r as almost identical for the tw r o 
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sexes. The first male passed through this whole cycle in 74 
days, while the first female completed it in 70 days. The average 
time for male and female respectively was S3 and 87) days. 

This must be considered as a rapid development for one of 
the Margarodidx. In some cases, two generations could easily 
be completed in the course of the tropical dry season, and that 
reproduction is continuous is vouched for by the fact that first 
as well as all other instars were found all through the early 
months of the year. Unfortunately no information is available 
as to reproduction and development during the rainy season, but 
judging from observations on certain other margarodids, there 
is probably no cessation of growth during that period. In other 
words, it seems safe to conclude that two or more generations 
are completed in the course of a year. 

TIIE SEX RATIO. 

Of the 49 individuals reared to the adult stage, 21 were males 
and 28 were females. That does not indicate an exceptional 
scarcity of individuals of either sex and such a sex ratio hardly 
justifies the hypothesis that special processes of reproduction 
and sex determination obtain in the species. 

A conclusion exactly opposite might have been arrived at if 
no controlled breeding experiment had been made. Previous 
workers had never seen the male of either of the two known 
species of Protortonia. Indeed, no adult males were observed 
in the field in the course of the present investigations, while 
only three males in the third and fourth instars were seen 
To some extent such a scarcity of males may be due to their 
short life period, as well as their small size. Nevertheless, the 
white cocoons of the males in their third and fourth instars are 
rather conspicuous and failure to find them must in the main be 
attributed to the hiding propensities of the males after their 
second molt. The case illustrates once more the absolute 
necessity of carefully conducted breeding experiments before 
any conclusion about reproduction and sex determination in the 
Coceidx is made. 


REFERENCES CITED. 

Berlesi, A. 1909. Oh Insetti, Vol. 1, Soc. ed. lib , Milan. 

Hughes-Schrader, Sally. 1925 Cytology of hermaphroditism in Icerya purchasi 
(Coccidae). Zeit Zellf. nnkr. Anal. 2 

Morrison, Harold. 1928. A classification of the higher groups and genera of the 
coccid family Margarodidac. U. S. Dept. Agnc., Tech. Bull. 52. 



HIGH-ALTITUDE SYRPHIDA£ WITH DESCRIPTIONS OF 
NEW SPECIES (DIPTERA). 


C. L. Fi i Ki', Jk., 
University of Wisconsin. 


Pingree Park is a beautiful mountain park which is situated 
about r>() miles west of Fort Collins, Colo, it has an altitude of 
9,000 feet and lies near the base of the Mummy Range, a part 
of the Continental Divide. 

The Park is about two or three miles long and half a mile 
across at its widest point. A creek meanders through the 
park and eventually empties into the Cache la Poudre river. 
On one side of the park slightly elevated above the general 
surrounding territory is a small pond, known as the “lily 
pond.” Entomophilous flora abounds in this vicinity, offer- 
ing an unusually favorable and delightful spot for collecting 
Hvmcnoptera and Diptera. The banks of the creek also are 
especially good and it was in the vicinity of the (‘reck in an old 
pasture which was dotted here and there with small shallow 
holes, some semi-dry, others with a little water in them, that the 
species of TIelophilus were so abundant. 

At the upper end of the Park the country is more rugged 
with many trees, some swamps, and small beaver ponds. 
In the more open wooded sections Arrfophila jhi gratis and 
Syrphus lotus were quite common. A. JI a gratis was very 
difficult to capture as the ground was rough and brushy, making 
it almost impossible to creep upon the specimens. 

The following is a complete list of all the species collected 
in 192-1 and 1925. Most of the specimens were collected by 
the author, although Mr. Beamer added considerable to the 
list. The list is arranged alphabetically for convenience. 

AUograpla obliqua (). S., ArclophUa ll a grans O. S. (10 specimens), 
Ascmosyrphus mexuanus Wied. (1 female, Beamer). 

Carlosyr pints tfislis Lw. (88 females, 2 males). 

Chrysotoxum venlricosum Lw. (2 females). 

Didea fasciata Macq. 
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Epistrophe interruptus Mall. (1 male), E. iincola Zett., (female), 
E. mediaconslrictus n. sp., E. pullullus Snow. Eristalis anthorphorinus 
Fall., E. brousi Will., E. comp actus Walk. (6 specimens), E. flavipes 
Walk., E. latifrons Lw., E. temporalis Thom., E. lenax L., Eumerus 
strigatus Lw. (1 male), Eupeodes voluais 0. S. 

Jlelophilus borealis Staeg. (1 male), II. groenlandicus 0. F. (00 
specimens), II. latifrons Lw., U. obsrurus Lw. 

Lejops perfidiosus Hunter, (1 male). 

Mclanostoma coerulcsicns Will., M. kclloggi Snow (5 females), 
M. obscurum var. rostratum Bigot, M. slegnum Say, M. spp., (3 species, 
one near cominnum Sn.), M esogramma marginala Say. 

Paragus bicolor F., P. tibialis Fall, Parhelophilus laetus Lw., Pipisa 
quadri mandat a Panz. (1 female), Platychirus hyperborean Steag., P. pelta- 
toides Cur. (5 females), P. sp ., Pyrophaena gr auditor sis Forst. (1 female). 

Sericomyia militaris Walk., Sphacrophoria ivlindrica Say, S. nigra - 
tarsi n. sp., S. siripta L., Sphegina iujusiata Lw. (1 female). Syritta 
pi picas L., Syrphus amalopis 0. S., .S’, lapponinis Zett., .S’, lebanoensis 
n sp., .V. lotus Will., .S’, meadii Jones, .S', montivagus Snow, S. opinator 
O. S. (Forty-two specimens, including 1(> specimens of a variety which 
has the abdominal bands reaching the side margins, nearly all by their 
entire width. All are females). .S’, perplexas Osb., .S’, pingreensis n. sp., 
.S’, pyrastri L., .S’, ribesii L. (1 female), .S', suoivi Wehr., .S', torvus O. S., 
.S’, wiedemanni , John. (1 female only). 

Xylota notha Will. (2 specimens), A', pigra Fabr., A r . sp. 

Epistrophe Walker 

Curran, in his recent work published in the Kansas Uni- 
versity Science Bulletin (15: 7-210, 1024) has recognized the 
genus Epistrophe separate from wSyrphus principally on the 
absence of the raised abdominal margins. He also states “if 
we could eliminate from the face of the earth two or three of 
these species (referring to intermediate forms), our classification 

could be greatly simplified “ The following new 

species of this genus is one of these forms. It can almost be 
placed in Syrphus as well as in Epistrophe but since he con- 
siders bimaculata Lovett and gracilis Coq. as belonging to the 
latter, I prefer to place m c diac on st rictus in that genus. He 
notes however that bimaculata is probably a true Syrphus and 
while mediaconstrictus is intermediate it is more nearly related, 
I believe, to gracilis than to bimaculata. For this reason, I 
am placing the species in Epistrophe.. It is significant that all 
three are known by the females only. 
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The three species may be separated by the following key. 

1. Spots on the second segment reach the side margins himmulata Lo\ 

Spots on the second segment well separated from the side margins 2 

2. Antennae black, cheeks black with black pile, iront not priiinose legs 

mostly black ^,/nC oq 

Antennae dark with yellow areas, checks yellowish to btovsmsh and pile 
light, front pruinosc, legs mostly yellow meduu onstru tus n p 

I have not seen either Coquillett’s or Lovett’s species and 
I may be mistaken in the assumed close relationship. 


Epistrophe mediaconstrictus n sp 

(Figure f> ) 

Intermediate between gracilis Coq. and binuu ulata Lov. 
Face yellow with brown median stripe, front pruinosc, scutellum 
black haired; abdomen constricted at the tip of the 3rd segment 
and the base of the 1th segment, only the second segment 
with a pair of spots; caudal end blunt. 

Female: Length, 9 mm. Face yellow, with a brown median stripe 
which fades out before reaching the antenna*, this brownish area follows 
along the oral opening and over the cheeks, hut becomes gradually 
paler; cheeks not as shining as the face. The pile of die face is black 
above, but becomes pale at the brown stripe and around the cheeks. 
Front black with two triangular pruinosc spots which continue along 
eye margins; this area, however, is distinctly separated in the middle 
by a dark shining line. At the base of the antenna* there is a distinct 
conspicuous honey-yellow crescent; antennal nits yellow*; antenna* 
brown, first segment almost yellow, underside of others lighter, aiista 
brown, shorter than antenna*. Pile of front black; occ’put yellow*, 
wdiite below. Facial tubercle prominent ; eyes hare. 

Thorax sub-shining bluish bronze, pile all light; scutellum trans- 
lucent yellow, the corners black; pile all black except the overhanging 
fringe, which is light. 

Abdomen sub-shining black with one pair of yellow* spots on second 
segment. These spots are widely separated and do not leach the 
lateral margin. They are rounded on their median ends, but acute on 
their outer ends. Narrow yellow margins on the apices of the 1th and 
3th segments, which do not reach the sides on the !th seginenb There 
is a very faint median or opaque line on the 4th and 3th segments. 
Pile short and black except on yellow of 2nd segment and on first 
segment. Venter mostly black, yellow on the margins; the pile long 
and light on 1st apd 2nd stemites, most of the rest is short black, and 
appressed, except longer on 3th and 6th segments. 

The most characteristic feature of the species is the constriction 
of the abdomen at the base of the 1th segment. The caudal end is 
nearly squared off with the exception of the very narrow extrusion of the 
6th, 7th and 8th segments. 
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Legs with the basal half of front and middle femora, all but tip of 
hind femora, and a rather definite ring on hind tibia*, blaek; rest of the 
legs yellowish to brownish. 

File of front femora mostly yellow at base, blacker and shorter near 
tip; on middle femora the pile is thicker and blacker; hind teinora with 
short and long pile, mostly black. 

Wings hyaline, stigma brownish, :»rd longitudinal vein considerably 
curved. 

Length, !) mm. 

Described from 2 females, holotype in Kansas University 
Collection, collected at Pingrce Park, Colorado, August Mi-21, 
P)2b, by R. H. Beamer: ])aratvpe same place and date 4 (C. L. 
Fluke), in collection of the author. The paralype is in every 
respect similar to the type except that the former is slightly 
teneral. 


Syrphus pingreensis n sp. 

(Figure 1.) 

Eyes with very short white pile, faintly so in the male; 
face with brownish stripe; abdominal bands entire except 1st, 
sub-interrupted in some cases, only the 1st band on the females 
reaches the margins. Length 1) to 1 l.b mm. 

Female: Lyes short while pilous, face yellow with a conspicuous 
brown to blackish line which does not reach the base of the antenna*, 
broadens out gradually to the oral opening and passes down the* sides 
of the mouth only a short distance; ('hecks black, but separated Jrom 
the facial line and also separated beknv the mouth; pile of the face L 
mostly black but is paler below and along the eye margins, heavier and 
blacker along the sides of the : nteniue; pile on the checks and below the 
oral o] )ening white, continued white along the occiput, but yellow above* 
on the vertex, pile of front all black. Front rather broad, dark shinimx 
with a broad wide Y-shaped marking above the antenna*; t his is dist inet ly 
separated by a yellow area from the two distinct black dots which are 
immediately above the base of the antenna ; these spots an* shining 
and devoid of pile. Antenna* rather large for a Syr pints , about the dze 
of those on viue/andi , oval and dark, with light areas beneath each 
segment, arista rather thickened. 

Thorax shining with bronze reflections, pile rather heavy and all 
tawny, scutellum yellowish with long tawnv pile, but with a lew black 
hairs intermixed. , 

Abdomen broadly oval, black, partly shining, with three yellow 
undulate moderately broad cross-bands. First band interrupted by a 
distance less than the width of the band, reaching the side margins by 
the extreme anterior corners, broader than the two following ones. 
Band on third segment undulated, distinctly separated from the side 
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margins and does not touch segment in front; in some specimens sub- 
interrupted, with the rear margin cut in rather deeply. Next band 
similar, nearer basal margin of segment, yet distinctly separated the 
entire distance. Posterior margins of segments four and five, and the 
anterior comers of five yellow. Venter with distinct black bands on 
sternites two and three, indeterminate on the others. 

Legs yellow with the following black areas: coxa*, trochanters, a little 
more than the basal third of front femora, a little less than a third of 
the middle femora, all but the tip of the hind femora, and the upper 
sides of the outer four segments of the hind tarsi. The hind tibia? and 
the tip of the hind basitarsi dusky; the front and middle tarsi, except 
basil arsi brownish. Pile of legs mostly black, rather heavy on outer 
sides, bent forward at the tips of the hairs. 

Wings hyaline; squama- pale, but the rather long pile on the edges is 
tawny, disc lightly pilose. 

Male: Similar; the specimens before me arc slightly smaller than 
the females The pile of the face darker and a little longer. The black 
of the cheeks more brownish and connected to the oral margins. The 
pilosity of the eyes is sparse. Abdomen darker, the first band seldom 
reaches the side margins, all the sternites with black bands Legs 
much darker, the black of the femora more extensive and the yellow 
areas almost brownish. Pile on the sternites long and mostly blackish 
beyond the second segment. 

This species is very closely related to meadii Jones, canaden- 
sis Curran, and nitons Zett. If the pile of the eyes is rubbed off 
or is not carefully looked for the species very much resembles 
meadii Jones. As nitons Zett. does not occur in this country 
we have only to distinguish pin green sis from meadii Jones, and 
canadensis Curran. Another very good character, at least in 
all the female specimens I have examined, is the color of the 
long hairs on the 3rd sternite. In pingreensis this is mostly 
black while in meadii it is usually sparce and whitish. In the 
latter the pile of the face is loss extensively black. In cana- 
densis the spots on the 2nd segment are separated from the side 
margins (female). If the eyes are pilose there should be no 
question as to the determination of the species when these are 
concerned. 

I have at hand another female sent to me by Mr. Curran 
which was collected at Victoria, B. C., May 16, 1916, by R. C. 
Treherne. This specimen, I believe, is the same although the 
pile on the eyes is definitely evident only on the lower corner 
of the left eye; apparently the rest has been rubbed off. It is 
also a little lighter in color especially the hind legs, but I believe 
the specimen is slightly teneral. 
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Holotype female collected by the author at Pingree Park, 
Colorado, August 16-21, 1925, in the collection of the author! 
Allotype male same data. 

Paratypes as follows: 3 males and 2 females, same data as 
the type in the collection of the author; a male collected May 31 , 
1926, at wSeton Lake, Lillooet, B. C., by J. McDunnough and a 
female collected, May 16, 1916, at Victoria, B. t\, by R. (\ 
Treherne in the Canadian Nat. Collection; a female Pingree 
Park, August 10-21, 1925, (Beamer) in the collection of the 
University of Kansas. 


Syrphus lebanoensis n sp 

(Figure *>.) 

Eves bare. Face entirely yellow, abdomen with broad 
yellow crossbands which do not reach the side margins except 
the pair of spots on the second segment. Front of male yellow. 

Male: Length, 10 11 mm. Eyes glabrous Face and front yellow 
In one specimen there is a narrow brownish arc above the antenna- 
The oral edges are very lightly brownish, but the rather prominent 
rounded tubercle is entirely yellow. The cheeks are black, but are 
separated below the mouth by a distinct and a broad yellow area The 
pile is mostly whitish to yellowish, moderately heavy, but is black on 
the front along the sides of the antenna', and on an area on each side 
of the tubercle; in one specimen the facial pile is mostly black. The 
facial line is glabrous. Pile on the cheeks white, on the occiput, white 
below, yellow above. Vertex black with black pile Antenna brown- 
ish, yellowish below, third joint oval and rather large; arista brown, 
not much longer than third segment. 

Thorax dark blue shining with light brownish kinky pile. Soutclhun 
yellowish, obscurely blackish at the basal corners, pile mostly black and 
also kinky. 

First segment of the abdomen shining bluish; second segment 
with a pair of large yellow spots which occupy the center of the segment 
and are a little wider than half the width of the segment, separated bv 
about half their width, and reach the side margins by their comers 
only; third segment with a broad, non-interrupt ed yellow band which is 
well separated from the anterior margin of the segment and from the 
side margins, the band is straight on the anterior edge and broadly 
although not deeply cut in on the posterior margin, about as wide as 
one-half the width Of the segment; fourth segment similar except the 
band is smaller, and cut in posteriorly a trifle more; p«^terior margin y 
of fourth and fifth segments and the anterior corners of the fifth also 
yellow. The black areas of the abdomen are sub-shining, although 
more shining on the posterior margins of the segments. 
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Second, third, and fourth sternites with distinct black bars, first 
with a black spot; the long pile on these sternites rather abundant, 
yellowish and kinky, except on the fourth, where it is sparse and mostly 
bkiek. The short appressed hairs on the 3rd and 1th sternites arc 
quite numerous and black. 

Legs yellowish or reddish except tin* coxa\ trochanters, and the 
basal one-third to one-half of the front femora and the basal two-thirds 
to three-fourths of the hind femora. At the extreme bases of the hind 
femora there is a yellowish ring which is more obscure on the others. 
The pile is mostly yellowish except on the hind legs, where it is nearly 
all black. 

Wings hyaline, Migma light brownish. The squama' pale with 
rather long brownish pile on the edges, ]>ilose on the disc; the plumule 
with whitish hair. 

Icmah: Quite similar; the pile on the face is more yellowish and 
there are very few or no long hairs on the third and fourth sternites. 
Front is yellow just above' the antenna' to the' indefinite black line of the 
ocellar areas. In the single female from Colorado there is a rather 
definite Y-shaped marking on the front, the two arms of the Y reaching 
to the bases of the antenna'. Legs all yellow except the coxa* and 
troehanU rs. 

Type female Seton Lake, Lillooet, B. C\, June 27, 192b 
(J. McDunnough) in Canadian National Collection. Allotype 
male Kercmeos, B. C., June 20, 1923 (C. B. Garrett) in the 
collection of the author. 

Paratypes as follows: one female (Seton Lake, Lillooet, 
B. C., June 27, 192b. J. MeDunnough); two females Keremeos, 
B. C., June 27 and 30, 1923 (C. B. Garrett) ; one female Anderson 
Lake, D’Arcy, B. C., June 17 (J. MeDunnough), one male 
Keremeos, B. C., June 30, 1923 (C. B. Garrett) in the Canadian 
National Collection; also one male Keremeos, B. C., June 20, 
1923 (Garrett); one female Pingree Park, Colorado, August 21, 
1921 (Fluke) and one female Pingree Park, Colorado, August 
lb-21, 1925 ( Fluke) in the collection of the author. 

This species, superficially, resembles wiedemanni , but the 
face is entirely yellow ; from opinator it is easily separated on 
the size and shape of the abdominal bands, the black cheeks 
and the absence of hairs on the disc of the squama 1 . 

Syrphus meadii Jones. 

Male: Frontal triangle yellow with two black dots above the 
antenna 1 , pile rather conspicuous and black; extending down the sides, 
next to the eye margins, to a point just opposite to the upper black tip 
of the facial line. Face pure yellow w r ith a distinct black shining stripe 
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over the knob and joined to the black oral margin. Cheeks also black 
and connected to the facial stripe with little yellow between eves or 
mouth edge; but distinctly interrupted below the mouth edge; pile of 
lower part of face and cheeks all pale. Vertex black with black pile, 
yellow behind and pale above and below on the occiput. Antenna' dark, 
but considerably lighter on the underside; in some specimens the third 
segment is almost blackish brown. 

Thorax shining greenish to bluish, pile all pale whitish to tawny; 
scutelluni yellow with extreme basal corners dark, pile intermixed wit h 
yellow and black, mostly dark on disk. 

Abdomen mostly shining black with yellow undulating crossbands, 
considerably separated from the side margins; the yellow does not 
even reach the rolled edges on segments three and four. The spots on 
the second segment are rounded and separated by nearly their width, 
pile mostly pale on the sides. Bands on third and fourth segments 
beautifully undulated and greatly emarginated in the middle, although 
none of them are completely separated; only occasionally is there an 
anterior projection in the middle. Band on fourth segment separated 
from rear margin of segment three. Rear margins of the fourth and 
fifth segments yellow; there is also a pair of spots on the anterior corners 
of segment five. The pile is black along the side margins of these 
segments. Venter with distinct black rectangular spots. 

Legs yellow with the following black areas; the basal third of the 
anterior femora, the basal two-thirds of the rear femora, and the hind 
tarsi above. The hind tibia and fore tarsi above are fuscous. 

Wings hyaline with brownish stigmal spot. 

Length 10 to 12 mm. 

The female is very similar except the yellow of the legs and 
face is more extensive, there being no connection of the facial 
line with the black of the cheeks. Described from specimens 
collected at Pingree Park and compared with the type by 
(\ R. Jones, who determined them as eonspecific with his 
species. 


Syrphus montivagus Snow 
(Figure 4.) 

Kans. Univ. Quart. 3: 236, 1893. 

Characterized by the broad dark red crossbands, somewhat 
narrower in the female. These bands have no indication of 
yellow. 

Female: Length, 0 to 10 mm. Face yellow, with a rather 
prominent tubercle' which is brownish to blackish. ( hecks shininj 
black, connected to the rather broad black margin which is also blaef 
below the mouth opening. Pile of face sparse 1 , short ami yellowish, also 
yellowish but longer on the cheeks, rather short and whitish on the 
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occiput below, taw ny above. Front obscurely marked, vertex black and 
extended in a narrow median irregular line toward the antennre, but 
widely separated from them by a yellow' area which has two black dots 
just above the bases of the antennre. In one specimen these spots are 
almost obscure. Pile of front not very long but black, the black hairs 
also found along the sides of the antennre. Antennre brownish, lighter 
on the under sides, .‘ird segment rather large and oval, arista thick, 
shorter than the length of the antenna*. Eyes almost bare; there are a 
verv few extremely short white hairs on the eyes* these show up in good 
light under a high power binocular. 

Thoxi\ dark sub-shining, scutellum dark opalescent, black at the 
basal corners. File* rat Ik r heavy and tawny, with a few 7 black hairs 
on the scutelliim File of pleura 1 rather sparse, lawny. Squama* pale, 
disc pilose, hairs on edges light brown. 

1 bdonuii broadly oval with dark blood-red crossbands. Band on 
2nd segment interrupted by about the* width of the band, reaching the 
side margins obscurely by the extreme anterior corners only. Next 
crossband broad, almost touching the preceding segment, sub- 
nitcrruptcd in the middle by a deep posterior notch, reaching obscurely 
the anterior side margins. Band on the -1th segment similar except it 
touches ihe posterior margin of segment three its entire length excepting 
a small area on the anterior corners only. This band is broadly notched 
posteriorly and reaches the side margins anteriorly. Posterior margin 
o! segment four and all of the* following segments red. Venter mostly 
red with black areas on the anterior slernites. The ventral part of the 
side margins is largely black. Pile* rather long and light in color on the 
2nd sternite, sparse and whitish on .‘>rd The short black appressed 
tiny bristles numerous 

lags reddish with l hi* following definite black areas: coxa*, 
trochanters, basal third of front and middle femora, and basal two* 
t lords of hind femora The upper sides of the outer tarsal segments 
1 m >\vnish 

Wings hyaline with the stiema brownish, continued to base of wing. 

Three female specimens, two taken at Pingree Park, Colo., 
August lb-21 Ib2b, by the author, and the other, same date and 
locality collected by Reamer, in collection of University of 
Kansas. 

This beautiful species is easily recognized by the blood-red 
color of the abdominal bands. 

For sometime I considered these females as a distinct 
species but a careful comparison with two male specimens of 
the original lot of forty males collected by Snow seem to show 7 
that these are the females of Snow’s species. It is interesting to 
note that the males were taken at Estes Park in August 18P2, 
and to my knowledge not heard of since. The females were 
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caught at Pingrec Park, only about a dozen miles away from 
Estes Park. I searched diligently at the time for maies but 
found none. The females were taken near the lodge on dande- 
lion blossom:;. 


Sphaerophoria nigratarsi n sp 

(Figure 3.) 

A very slender species with 4 pairs of yellow spots, blaek 
oral margins (male) and brownish or blaek tarsi. 

Male: Length, 7 A mm. Face yellow, but with the tubercle 
brownish; this color is continued down around the oral margins to the 
cheeks, which are black. The pile is all pale, even on the front, which 
is pure yellow in ground color. Vertex black with black pile Antenna* 
brownish to yellowish, arista brown. 

Thorax dull, the yellow side margins distinct to the suture, hut 
\orv indistinct the rest of the way. Seulcllum yellow, black at the 
basal corners. Pile of thorax pale, a few black hairs intermixed on the 
seutellum. 

Abdomen black with I pairs of yellow spots and with yellow rolled 
side margins. Oil the fourth segment there is an indication oj a eon 
nection of the \elhnv of the side* with the spots mi that segment All 
the* spots are rounded and broadest on their inner margins; tin* outer 
margins ending in points, all separated from die side murvms except as 
noted on segment four. The shape of these 1 spo^ are like apostrophes 
except those on the V h segment, where they are exclamation points 
with the points com erging apieallv until they touch at their tip*- The 
posterior margin of the fourth segment narrowh, that of the filth 
brondk yellow The spots are situated a little anterior of the middh 
of each segment. The two blaek spots on the doruun of the bth segment 
nc her prominent, (icnitalie segments swollen and brownish, wath 
blaek on the inner margins ilho e margins touching the sides of tin 
venter of the iiUh segment^ The pile on the styVs tawny YenUr 
uni(‘olorous. 

The legs yellow, wath the coxae, trochanters and basal one-third nr 
one-half of the femora blaek. All the tarsi black, especially from ai>o\< 
Most of the pik* is black except on the front tibia and tin* undersides of 
the tarsi. In one specimen the legs are more extensively dark, the 
hind femora nearly all dusky or black 

Female: 'Idle lace is more yellow', only the checks black; antenna 
yellow'ish, the front marked as in other species of this genus; the legs an* 
paler, all yellow' , including the coxa* and trochanters, except the tarsi, 
which are light browmish on the front and middle pair, but darker on the 
hind pair. With the exception o! the tirst pair, which an* very narrow, 
the abdominal spots are narrowly connected with the yellow side* 
margins. They are all narrow bars, not at all like m tne male* 
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In another female (var.) the abdominal bands are broader 
and broadly connected with the sides even the first pair. They 
are all interrupted by a little less than the width of the bands. 
In this female specimen the upper mouth edge is very narrowly 
black. 

This species resembles X interrupta Jones. It is readily 
separated from this species by the position and shape of the 
narrow abdominal bands and the color of the legs. 

Type male Pingree Park, Colorado, August 23, 1924, 

collected by the author and in his collection. 

Paratypes: One male Pingree Park, Colorado, August 23, 
1921, (Fluke) in the Canadian National Collection. One male 
and one female August 21-23, 1924; one female August 10-21, 
1923, same place; in the collection of the author; two females 
collected by R. H. B earner at Pingree Park 1923, in the col- 
lection of the University of Kansas. These two specimens are 
similar to the female variety noted above. 

I believe these three last named females belong to nigratarsi 
although they vary considerably from the one female collected 
in 1921. My reasons for retaining the single female as typical 
of the species are based principally on my collecting notes. 
The single female and the three males were all collected on a 
little knoll near the “lily pond.” On August 21, 1924, one 
male and the female were taken together at the same sweep 
of the net. Two days later at the same spot the other two 
males were caught. A year later collecting in this same region 
revealed the varietal female. Bcamer also caught his specimens 
in 1923. 



A SIGNIFICANT FEATURE OF BIOTIC POTENTIAL 
AS RELATED TO INSECT CONTROL. 

C. R. ClTRU.HT, 

Agricultural Experiment Station, Wooster, Ohio. 

In reviewing the literature dealing with biotie potential it 
is found that there are two conceptions as to the importance of 
this general idea. Brues, considering it in the light of ultimate 
insect abundance, concludes that it is relatively unimportant 
and that environmental resistance plays the great part in the 
fluctuation and stabilization of insect populations. Many 
illustrations can be given showing that this view is fundament- 
ally correct when time is not considered as a factor. Chapman 
and his students consider that time is of definite importance 
and therefore give to biotic potential a place of much greater 
value. 

Entomologists whose problems are in the economic field find 
themselves obliged to select one or the other of these con- 
ceptions so that they may plan their research with a definite 
viewpoint in mind. In studying this situation as it applied to 
his particular problems the writer used the following procedure 
as an aid in arriving at a decision. A rectangular diagram was 
constructed to represent in its entirety the possible ranges of 
insect abundance. On this were placed the different insects 
e mcerned in the problems and as more or less was known 
about their potentialities and their reactions to environmental 
resistance and different control measures some conclusions 
were reached as to the preferred viewpoint. The diagram 
(Fig. I) may be explained as follows: On the ordinate is plotted 
the entire possible range of environmental resistance as it will 
affect absolute numbers of insects, with all factors unoperative 
at the bottom of the scale and all fully functioning at the top. 
On the abscissa is placed the range of biotic potential graded as 
indicated on the diagram. The position of the potential of any 
insect as determined by Chapman’s formula may now be placed 
deffnitely. For purposes of illustration three insects and one 
mite having a wide’ variation in their biotic potentials are now 
located on the diagram as shown by the broken lines 1-1., 
2-2., etc. At the left is placed the round-headed apple i r ee 
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borer, an insert with a very low reproductive capacity. In 
Ohio it requires from two to three years to complete a single 
generation and each female deposits only about 25 eggs. The 
se\ ratio in this species is approximately equal. Next is 
placed the codling moth according to its potential as manifest 
in Northern Ohio. Here this insect has one and a half genera- 
tions per year with each female depositing about seventy-five 
eggs. The sex ratio is slightly in favor of the females. The 
European red mite has a much higher potential, each female 
will produce 20-50 eggs and there may be six generations per 
year with the sex ratio about equal. The green apple aphis is 


ROUNO-HEAUEO CODLING HOTH RED MITE GREEN APPLE 

BORER (IN OHIO) APHIS 



Fig. 1. Commercial injury as affected by biotic potential and 
environnent resistance. 

an example of an insect with a very high biotic potential. It 
will reproduce at an average rate of about thirty-five per 
individual, the sex ratio is one, and there may be twelve to 
fifteen generations per year. 

The diagram may now be considered -in its entirety. As 
the environmental resistance drops the first group of insects 
that will be noticed as injurious arc those with low repro- 
ductive capacities. Insects with high biotic potentials will not 
appear doing commercial damage until the resistance drops 
still further since high biotic potential is always offset by 
greater environmental resistance. Therefore a line A A drawn 
diagonally across the rectangle is necessary to divide it into two 
sections, one of which represents insects in numbers where no 
injury is evident, or no control needed, and the other in which 
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commercial injury is being done. (Fig. 1 > is drawn t«, illustrate 
the ecological relation existing between environmental insist am o 
and biotic potentials of different degrees and is not tomerned 
with control measures that may be used against the dittcrcnt 
species. In order to show wliat takes place when control 
measures are brought upon the scene (Fig. 2) has been developed 
from (Fig. 1). Here the lines B-Bi and B-B» indicate what 
takes place when control measures of different degrees of 
efficiency arc applied. When a control 94 to 98 percent effective 
is used against an insect with a biotic potential as low as that 
of the round-headed apple tree borer, the insect will undoubtedly 

ROUND HE.ADE.D CODLING. MOTH RCD MITE GREXN APPLE 

BORER (IN OHIO) APHIS 

10 0 
A 
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Fig. 2. Efficient insect control as affected by boitu potential and 
environment resistance. 

be controlled for that season and usually for from two to five 
years in addition, unless factors such as migration intervene. 
With the codling moth in northern Ohio a control ot 94 + o OS 
percent will practically always hold the insect in check for the 
year but for no longer. In the case of the European red mite 
we have many instances in which a 9<S percent control at the 
beginning of the season was not sufficient to keep the mite 
population low for the remainder of the year. In these seasons 
environmental resistance was low and during such periods the 
high biotic potential enabled the mite to rapidly increase its 
numbers. What is true for the European red mite is true in 
even greater degree for the green apple aphis where only a few 
weeks of low environmental resistance enable the aphids to 
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increase to outbreak proportions. The lines B-Bi and B-B 2 
will therefore be placed diagonally across the rectangle with 
B-B 2 inclining more toward the horizontal. We now have in 
the rectangle three areas, the first of which we have already 
discussed under “no control needed. ” The middle space shows 
the area in which effective control of the insect may be obtained. 
According to the preceding discussion this area is in the shape 
of a cone and the decreasing chances of successful control are 
clearly shown as we proceed toward the higher biotic potentials. 
The third area is that in which no control measure will be 
effective. The chances that a control of from 94 to 98 percent 
effectiveness will fail where the insect concerned has a low 
potential are practically negligible, while in the case of those 
with high potentials such a control amounts to little if the 
environmental resistance is low. 

Certain conclusions that may very well be termed practic- 
able can be drawn from the above study; in the first place 
extension entomologists in giving advice regarding insect control 
must always remember that if the insect has a high potential 
that the chances of recurrent infestation are many and that the 
farmer or grower should be informed of this fact. Second, if a 
research entomologist has determined that the insect with 
which he is dealing possesses a low potential, then he may well 
concentrate on the perfecting of one good control measure for 
such a measure will be successful. If the insect possesses a 
high potential then all possible lines of control must be investi- 
gated and developed if a sure method of control is to be found. 
Third, in so far as economic' work is concerned the entomologist 
has no choice but to accept the definition and value assigned to 
biotic potential by Chapman 
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THE TRACHEAL SYSTEM OF THE LARVA OF 
LISSORHOPTRUS SIMPLEX 1 


Dwu.m Isi 1 \ and H. H S( u\\ \hi>i, 
Univi rsity o£ Arkansas 


The immature stages of the rice water weevil, Lissorhoptrus 
simplex (vSay)f, are passed entirely below the water, either m or 
among the roots of riee and other aquatic grasses. The eggs 
are deposited in the roots, and the female beetles will not 
deposit eggs unless these roots are submerged. The small 
larva? feed first within the roots in which they hatch, and as 
they grow larger they live in the mud around the roots upon 
which they feed. Pupation takes place in a water-tight cocoon 
attached to a rootlet. The entire time required for passing 
the immature stages in the insectary, from deposition of the 
egg to transformation to the adult stage, may be as brief as 
32 days and as long as 77 days. The remedial measure recom- 
mended is temporary drainage of the rice fields, allowing them 
to dry until the ground cracks. This is ven effective in 
destroying the larva*. 

Although the entire larval period is normally passed under 
water, the larva? cannot obtain an adequate supply of oxygen 
directly from the water. When placed in water free from 
roots, the larva drown, as a rule, within 24 hours. Individuals 
have shown signs of life (>() hours after submergence, but they 
were no longer normally active. The results are the same 
if the larva? are placed in clear water or if roots of plants which 
were not previously flooded were placed in water with them. 
On the other hand, larva? placed in moistened cells from which 
there was almost no evaporation and supplied with pieces of 
roots, fed and developed for a time apparently in a normal 
manner. Larva* fed in this manner apparently became full 
grown, but always died without formation of the pupal cell. 
It is obvious that although larva* are normally submerged 
throughout their entire lives, they can secure an adequate 
supply of oxygen directly from the air. On the other hand, 

^Research Paper No. 165, Journal Senes, University of Arkansas 

(■Order Coleoptera, Famil> Cureulionnke 
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while it is possible that they may derive some oxygen from 
water directly, it seems that this is not sufficient to maintain 
life for a long period. 

The larva of the rice water weevil is whitish, elongate, 
sub-cylindrical, and about 8 mm in length. Its most striking 
characteristic is the presence of paired dorsal hooks occurring 
on each of the abdominal segments from the second to the 
seventh inclusive. These hooks are curved forward and arise 
from ridges on the last fold of each segment. At first glance, 




1 Larva, lateial aspect 

2 Tracheal s\M<m of lai\a, lateral aspect (tracheal system somewhat diagram- 

matic ), s, spir icles 

it might appear that the function of these hooks is locomotor, 
and doubtless they are used by the larva in forcing its way 
through the mud around the mat of roots. 

A more important function, however, is probably respiratory. 
These hooks arc grooved on the mesal surface and are con- 
nected by large trach;e with the main longitudinal tracheal 
trunks Apparently these hooks are modified spiracles. No 
other spiracles occur on any of the segments which bear the 
hooks Pairs of spiracles do occur, however, on the second 
thoracic and first and ninth abdominal segments. The third 
pair of spiracles which reach the surface on the ninth segment 
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are openings of a pair of trachea; which arise from the main 
tracheal trunks in the eighth abdominal segment. All of the 
tracheal branches leading to the typical spiracles are smaller 
and apparently less important than those leading to the dorsal 
hooks. The large tracheal branches as well as the tracheal 
trunks can be observed easily in living larvae under a binocular 
microscope. 

The dorsal hooks are partially retractile The apical part 
is heavily chitinized, and its surface is marked by very fine 



3 Dorsal hook gicath etilaigtd, showing connection with trachea 
3a Cross sec turn of apical portion of * ook 

3b Cross section ol basal poTtion of nook (some what diagnimmatic ) 

4 Last abdominal spiracle ol lar\a showing connection with trachea (somewhat 

diagrammatic) 

5 Pupa 

transverse stria; visible only under high magnification The 
apical portion, when viewed in cross section, is diametrically 
divided from its tip to its base, by a highly chitinized line, or 
partition. This partition is apparently formed by the fusion 
of two infolded walls, suggesting the fusion of opposite sides of 
the spiracle When the apical portion of the hook is viewed 
laterally this partition is plainly visible for its entire length 
on either side. 

The basal part of the hook is distinctly tubular It is 
formed of heavy rings, infolded on the median side in such a 
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manner as to form a deep groove, apparently reaching to the 
central tube. The grooves on each pair face each other. The 
basal part of the hook may be drawn below the integument. 
The basal part of the hook is attached to the occluding chamber 
which in turn is attached to the trachea. The occluding 
chamber is separated from the hook and also from the trachea 
by heavily chitinized rings. 

The similarity between the hook and the spiracle is obvious. 
Like the apex of the hook, the chitin of the spiracle is marked 
by very fine transverse striae. The basal part of the hook is 
analogous to the anterior chamber of the spiracle below the 
in^gument. The occluding chamber and the tracheal attach- 
ments are the same. 

The writers are of the opinion that the rice water weevil 
larva obtains its oxygen when below water from the roots of 
the rice plants. The roots of rice plants which have been 
submerged for a few days have an inflated appearance and have 
large cells filled with air. The small weevil larvae which live 
within the roots doubtless derive their supply of air from these 
cells. We have not been able to show that the larger larvae 
outside of the roots obtain their air from the same source. 
However, since the larvae cannot secure enough oxygen from 
the surrounding water it seems logieal to assume that these 
hooks are modified spiracles fitted for piercing the air cells in 
the roots among which they live and obtaining air from them. 

In this discussion we are concerned chiefly with the larva. 
It may be worth while to note, however, that the spiracles of 
the pupa do not appear to be unusual. It is obvious that the 
pupa? do not obtain their oxygen directly from water. The 
pupal stage is passed in a water-tight, inflated cocoon. These 
cocoons are oval in shape and mud-covered and arc always 
found attached to a rice root. 



BEE-FAUNA AND VEGETATION OF THE MIAMI 
REGION OF FLORIDA. 


vS. Grunk III R, 
South Miami, Florida. 


In the central part of Florida the Tropical Life Zone reaches 
its northern limits in the region southwest of the northern end 
of Lake Okeechobee. Along the coasts it extends farther 
north, especially so on the East Coast, where it forms a narrow 
strip along the Indian River. Miami, the county seat of 
Dade County, is situated about half way between the northern 
and the southern limits (Key West). Based on a study of the 
vertebrate fauna, as also on the evidence offered bv E. A. 
Schwarz (insects), W. H. Dali (mollusks) and C. S. Sargent 
(trees), C. Hart Merriam (12, 4()(>) reached the conclusion that 
‘‘there exists in Florida a well-marked sub-tropical fauna and 
flora consisting in the main (except in the case of terrestrial 
mammals and reptiles which could not reach it) of genera, 
and largely of species, identical with those of Cuba.” Referring 
to the native vegetation of the “Miami Limestone Region,” 
Dr. J. K. Small (22, III) states that “it is essentially of a 
tropical character, with strong relationships to the flora of 
Cuba and the Bahamas.” 

The bee-fauna of the Miami region is surprisingly poor, 
both in number of species and of individuals. During a resi- 
dence of over 12 years in the vicinity of Miami, the w Jter has 
given much of his spare time to a study of the bees of the 
region, and some of the biological aspects connected therewith. 
Persistent collecting will undoubtedly reveal the occurrence of 
some additional species; the writer, however, considers the 
list given herein as fairly complete. 

The latter part of the paper wdl be taken up with a dis- 
cussion of the types of vegetation found wi f hin the region. 
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List of Beks.* 

Colletes Latrcille. 

C. latitarsis Robt. This bee collects its pollen exclusively from the 
ground cherry (species of Pity satis). The most common ground cherry 
of our region is P. viscosa, f on the flowers of which I have taken the bee 
on numerous occasions in the pinewoods at Miami and South Miami, 
and on the sand dunes at Miami Beach and on Biscavnc Key (across the 
Bay southeast of Miami). It flies throughout the year. 

Robertson ( 16 , 217) has found it at Inverness, Fla., on Phvsalis 
arcnicola. 

I have examined the male genitalia in order to leave no doubt as to 
the identity of the species. A comparison of specimens from Miami 
with some from Milwaukee, Wis., shows a marked difference in the 
puncturation of the abdominal segments, especially of the basal one. 
In the Miami material the punctures are finer and farther apart. Such 
differences in sculpture in species ranging over a wide territory are 
occasionally met with. 

C. distinctus Cress. The male genitalia were examined and found 
to agree with Swenk’s illustration (27, PI. II, 8, 8a). A male and a 
female were taken April 21 and May 1, on a window. 

Reported by Robertson from Inverness, Fla. (16, 279). 

? C. mandibularis Smith, c? . Described from Georgia The 
males in my collection agree well with Smith’s description (26, 5), as 
also with the information furnished by Cockerell, who examined the 
type in the British Museum (1, 27(i), but they are larger (about 7.5 mm.) 
Both males and females are decidedly smaller than those of C. houardii 
Swenk (28, and are entirely different. Taken at South Miami, 
Miami and Hollywood (10 miles north of Miami) at the flowers of 
Pkrocaulon undatum , Flaveria linearis ami Petaloslcmon carncus. The 
females were collecting pollen from Flaveria (Compositce) and Petalo - 
stemon ( Leguminosce ). Time of flight from about March 20 to June 1 1. 


*It is with feelings of pleasure and appreciation that the writer mentions the 
names of the following who have been helpful to him in various ways: Prof. 
T. D. A. Cockerell, University of Colorado, Boulder, Colo.; Mr. J. C Crawford, 
North Carolina Dept, of Agriculture, Raleigh, N. C.; Prof. T. B. Mitchell, North 
Carolina State College, Raleigh, N. C.: Prof. Chas. Robertson, Carlinville, 111.; 
Mr. S. A. Rohuer and Miss Grace Sandhouse, Bureau of Entomology, Washington, 
D. C.; Mr. H. F. Schwarz, Am. Museum of Natural History, New York City; 
Prof. P. H. Timberlako, Citrus Experiment Station, Riverside, Calif. I have 
also been ably assisted in my collecting activities by mv daughter, my cheerful 
companion and chaulTeur on manv a trip. 

fNomenclature according to f. K. vSmall, Flora of Miami, Flora of the South- 
eastern United States, etc. T have, however, preferred to retain such well- 
established family names as Composita (Carduacea according to Small), Le^umi- 
nos<z (Fabarece Small), etc. 
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Hylaeus Fabricius (Prosopis Fabricius) 

H. schwarzii Ckll. (Prosopis schwarzii Ckll ) 9 Knt Mag. 32, 

218 (1890); cf, Entomologist 1898, p. 210. 

The type material is from Dade Co., Fla. 1 sent a d 71 and a 9 to 
Prof. Cockerell, who kindly compared my specimens with a cf and a 9 
collected in Florida several years ago by Prof. Clias. Robertson, lie 
writes as follows: “Your 9 agrees very closely with the Robertson 9 , 
differing by the strictly narrower lateral face marks, and duller, rather 
more closely punctured mesothorax and scutellum, and also the rougher 
area of metathorax, without fine stria' on the basal parts. The cf trom 
Robertson differs more conspicuously with the lighter area on olvpeus 
deeply incised above. ” He further states, “your cf has black tubercles; 
in the Robertson one they are light as in the 9 . ” 

The 9 9 in my collection differ considerably in the breadth of the 
lateral face marks. All of the cf cf have the clvpeal face marks incised 
above. These marks vary in extent, taking in from one-half to nearly 
the whole of the clypeus. The black linear space separating the lateral 
face marks from the clypeus varies in width, and m each of two speci- 
mens this black linear space is much narrower on one side than on the 
other. All of this shows //. schwarzii to be a very variable species. 
Metz, in his “Revision of the genus Prosopis of N. Am.,” (13, lol) 
places it among the uncertain species, and says that it is evidently of 
the Modest us division , but cannot be located with certainty until the 
male genitalia are examined. Such an examination by the writer shows 
tne following characters: 

Genital armature: Like that of modcstus (Metz, PI II, Fig. 12), but 
sagitta longer and cardo divided in the middle. 

Seventh ventral plate: Wing lik efossata (PI. V, Fig. 71), but proximal 
arm more like episcopalis (PI V, Fig. 74). 

Eighth ventral plate: Resembles that of fossata , (PI. Ill, Fig 28). 

II. sthwarzii is without question a member of the Modcstus division 
(with characters in common with modcstus, fossata and cpisiopalis) 
which has extended its range into the sub-tropics of Florida. It has 
been taken throughout the cooler season from October 1 to May 2. 
An account of its relations to flowers, etc., will be found in the part of 
this paper dealing with the “Marl Prairie” type of vegetati< . 

Hylaeus sp. Two females (one of which is minus the head) were 
captured December 22 and January 4, in a small tract of pinewoods 
in the northwestern section of Miami. Length about 1 mn Black, 
with much red on the first two abdominal segments. Lateral face 
marks, clypeus, pronotum. tubercles and leglike yellow . Legs testaceous 
with bases of tibia 1 and femora blackish. Wings hyaline with dark 
nervurcs and stigma, the latter unusually large and conspicuous. 

This species reminds one of nelumboius Robt. and jlammipcs Robt. 
(from Citrus Co., Fla.) but it is much smaller. It is probably new, but 
its status can hardly be established before additional material (especially 
the cf) has been obtained. 
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Halictus Latreille. 

A paper by the writer on the bees of this genus appeared in Psyche 34, 
203-208 (1027). 

H. (Chloralictus) marinus Crawf I am indebted to Mr. J. C\ 
(Crawford for having compared one of my females with a female in his 
collection from Virginia Beach, Va. He found the face narrower in 
the Miami specimen, as also some differences in sculpture on various 
parts of the thorax. Later on I sent some specimens of both sexes to the 
U. vS. National Museum, where Miss CL Sandhouse kindly made com- 
parisons. She, too, saw some differences in sculpture in the females, 
but according to her letter, the males from Miami agree very well with 
those in the National Museum (determined by Crawford) in genital , 
as well as in external , characters. She is, therefore, of the opinion that 
the Miami material belongs to mar inns. In my former paper (Psyche 
34, 203) I expressed the view that the species would probably be found 
in the dune regions along the shores of the Atlantic between Miami 
and the type locality in Virginia. 

H. (Chloralictus) lepidii Graen. Psyche 34, 204 Type (9) and 
allotype (c?) deposited in the U. S. National Museum 

Its period of flight covers the entire year. For flowers visited, 
localities, etc., see Psyche 34, 20 L 

H. (Chloralictus) nymphalis Smith Flies throughout the year 
Additional information in Psyche 34, 205. 

H. (Chloralictus) longiceps Robt. This species, too, may be found 
in any month of the year. To the localities given in Psyche 34, 200, 
may be added Homestead (south of Miami) and West Palm Beach 
(north of Miami). 

H. (Chloralictus) halophilus Graen. (Not halophitus, as it appeared 
in Psyche 34, 200.) Type ( $ ) and allotype (c? 1 ) deposited in the U. S. 
National Museum. 

Since describing this species I have come across it in two additional 
localities, both north of the type locality at Cutler. According to 
information gathered in 1927, it flies from about the middle of April 
to the end of October. Males were captured from April 20 to August 
25, and females from May 20 to October 23. Its relations to the 
halophytic vegetation along the shores of Bay Biscayne will be con- 
sidered further on, under the “Coast Prairie” type of vegetation. 

H. (Chloralictus) rhododactylus D. T. Found once only, Home- 
stead, July 19, 1910, 9 . 

H. (Odontalictus) ligatus Say. Exceedingly common throughout 
the year. Flowers visited: Lepidium virginicum , Warca Carteri, 
Pycnotkymus rigidus, llelianthus debilis } Pterocaulon undatum , Bidens 
leucantha , Melanthcra parvifolia. 

H. (Evylaeus) nelumbonis Robt. One d\ South Miami, February 
20, 1927, on the flowers of Sagittaria lancifolia. Reported by Robertson 
from Orlando and Inverness, Fla., (16, 279). Visits mostly the flowers 
of aquatic plants. 
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The writer has come across three additional species of Ilalictus 
(subgenus Chloralictus ), which have not been identified on account of 
the lack of suitable material, especially males. 

Augochlora Smith. 

Miss Grace Sandhouse, of the Bureau of Entomology, U. S. Depart- 
ment of Agriculture, has been carrying on a revision of the llalictine 
bees of North America, and is at present studying the genus A ugochlora. 
I have welcomed this opportunity to send her my material for identifica- 
tion, and herewith express my thanks for the information received. 
There were 170 specimens in the lot, and the 4 species recognized by her 
were represented as follows: pur a 60 specimens, f estiva r>6, cuprca 37, and 
fulgida 11. The types of fesliva, cuprca and fulgida , as well as of the 
other species described by Frederick Smith (25) are in the British 
Museum. Miss Sandhouse states that she will have to have some of 
the material from this country compared with the Smith types, before' 
feeling more certain about the identity of the species, and that the names 
furnished me are according to her present interpretation of the species. 

The records on hand indicate that all of the species are in flight 
throughout the year. 

A. pura vSay. This widely distributed species is of common occur- 
rence, and has been found south of Miami as far as the Royal Palm 
State Park. Flowers visited: Warca Carteri , Oxypolis Jiliformis , 
Phytolacca rigida , Si da car pi nif alia, Rhus obtusi folia, Satix amphibia , 
U amelia points , Sagittaria land folia, Bidetis leucantha , Solidago angus - 
l: folia. 

A. festiva Smith. Has been taken from Miami on north along the 
East Coast as far as Jupiter, and south as far as 1 Iomestead. 

Visits to the following flowers have been noted: Sabal Palmetto , 
Warca Carteri , Lcpidium virginicitm , Opunlia austrina , Croton lineai /s, 
Callicarpa americana , Chamaccrista aspera , Piriquetn tomentosa , Py< no- 
thymus rigid us, Galactia Jloridana, Agalinis purpurea , Solidago angusii- 
f cilia , Chrysopsis Tracyi , . 1 stc sp., Bidctis leucantha , and Ilelianthu s 
debilis. At Jupiter in the dunes of Jupiter Island it was visiting the 
flowers of Chrysobalanus Icaco (cocoplum) and J aiquemoutia redinata. 

A. cuprea Smith. Specimens from Miami, South Miami and the 
dunes along the Atlantic at Miami Beach and on Key Biscayne at Cape 
Florida. Southward it was found at Homestead and the Royal Palm 
State Park, and northward at Lake Worth and Jupiter. 

Flowers visited: Warca Carteri , Lantana depressa , ( hrysopsis 
Tracvi , Bidetts leucantha , II el ianthus debilis , Bauharis halimijolia , 
Solatium Wendlandi . Rhus obtusijolia , and Jacqucmontia reclinata (on 
dunes at Jupiter Island). 

A. fulgida Smith. This species, which, on account of its large size 
and brilliant metallic coloration, is not easily ovei looked, has been 
taken by the writer only occasionally, and no* south o! Miami, so iai. 
Aly records are from the following localities: Sandy pine wood, in the 
northwestern part of Miami (visiting Carter i ), sandy pinewoods 
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southwest of Hollywood belonging to the “Scrub” type of vegetation 
(on Polypteris integrifolia ), and sandy pine woods north of West Palm 
Beach (on Solidago angusti folia). 

Agapostemon Smith. 

A. splendens Lcp. Not uncommon throughout the region. Speci- 
mens on hand from Miami, Miami Beach, South Miami, Homestead 
(29 miles southwest of Miami) and Hollywood (16 miles north of Miami). 
Females have been taken from the middle of March to the end of 
October, and males from the beginning of June to the beginning of 
December. 

Flowers visited: Phytolaua rigida , Opuntia austrina , Warca 
Cartcri , Vernoniu Blodgcttii , Ilclianthus debilis and Bidetis leucantha . 

Sphecodes Latreille. 

S. ignitus Cockerell Described from a c? . Type locality, Ocala, 
Fla., ( 2 , 13). 

The 9 agrees very closely with the cf 1 , but is mostly larger. The 
species is easily recognized on account of the dark red thorax (meta- 
thorax entirely, or partly black), the black abdomen with a red base, 
and the prominent oval tubercle behind the middle ocellus. It shares 
the latter character with S. ilcmatidis Robt. There is considerable 
variation in size and in the distribution of red on the thorax. 

It is an inhabitant of the “Scrub” vegetation near Hollywood, the 
pine woods at Miami, South Miami and Homestead, and the sand 
dunes at Miami Beach. 

Flowers visited: Sabal Palmetto , Rhus obtusifolia , Warca Carteri 
and Polypteris integrifolia . It was also observed feeding on honey-dew 
on the leaves of Ficus altissima , an ornamental tree infested with scale 
insects. Time of flight, March 31 -December 28. 

Perdita Smith. 

Perdita sp. Most of the material was turned over to Prof. P. II. 
Timberlake, of the Citrus Experiment Station, University of California, 
Riverside, Calif., who has been making a special study of the bees of 
this genus. The species is new, and Prof. Timberlake has kindly 
consented to describe it The female collects her pollen exclusively 
from species of Chrysopsis {Com positce ) and an account of the distribution 
of this species along the East Coast of Florida will be found in the latter 
part of this paper, where the “Scrub” type of vegetation is being con- 
sidered. It flies from about the beginning of September to the end of 
October. 

P. halictoides Smith. A female collected at Coral Gables by Prof. 
J. F. W. Pearson, of the University of Miami. It was sent to Prof. 
Timberlake, to whom I am indebted for the following information: 
“ It is the same species as the Bradley specimens from Coronado Beach, 
Fla. (collected May 5), and undoubtedly P. halictoides Smith. Mr. 
Schwarz compared one of Bradley’s specimens with the type in the 
British Museum and found no difference. ” (See 29 , 155). The Coral 
Gables specimen was taken March 5. 
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Epeolus Latrcille. 

E. bifasciatus Cresson. Three males and two females were taken 
between February 10 and June 22, at Miami and South Miami, on the 
flowers of Sab a l Palmetto , Yernonia Blodgcllii and Cirsium viltatum. 
Two of them (d and 9 ) have rust-colored instead of golden hairbands 
on pronotum and second abdominal segment, and Mr. H. F. Schwarz, of 
the American Museum of Natural History, has informed me that there 
are three specimens in the Museum’s collection with bands of the same 
color, which were collected by Mrs. A T. Slosson at Lake Worth and 
Ormond. Fla 

Robertson (16 1 1 0) considers this species an inquiline (parasite) 
of Colletes lalitursis Robt , which is also a member of our fauna. 

E. zonatus Smith d Described from St John’s Bluff, East 
Florida. (25, 237). Prof. Robertson formerly treated it as a synonym 
of E. sculellaris Sav (14, 343), in a recent publication, however (16, 278), 
he has it listed as a valid species. 

I have never come across this species, but there are a number of 
Florida specimens in the collection of the American Museum of Natural 
Histoiy, and I am indebted to Mr. II. F. Schwarz for the following 
records: Miami, April 11 21, 1923 (Lutz and Schwarz); Royal Palm 
State Park, April 12 IS, 1923 (Lutz and Schwarz); Dunedin, April 4, 
1914 (probably Blatchley), Estero (Van Duzee); Ormond (Mrs. A. T. 
Slosson). According to Mr. Schwarz the Miami specimens were caught 
in the Brickell Hammock jungle. Based on a study of this series, 
M . Schwarz too considers zonatus distinct from snitellaris (in litt.). 

Triepeolus Robertson. 

T. rufithorax Graen. d and 9. Ent. News 39, 279 (1928). 
Type ( 9 ) and allotype (d) deposited in the U. S. National Museum. 

As far as we know, the bees of this genus are parasites of bees of the 
genus Melissodes. At Milwaukee, Wis., the writer witnessed the 
visits of Triepeolus helianltii Pobt. to the nest of Melissodes trinodis 
Robt and found the larva' of the former in the nest of the latter ( 6 , 164). 
T. rufithorax is in all probability a parasite of Melissodes communis 
Cress. Of our three species of Melissodes (the next genus in the list) 
communis has the longest period of flight (March 21-November 14), 
and this corresponds with that of T. rufithorax (March 28-October 26). 

Melissodes Romand. 

M. communis Cress. Described from Georgia. Both sexes are on 
the wing throughout the warmer part of the year, the males from March 
2 1 -October 1 and the females from March 23 November 14. vSpecimens 
are on hand from Miami, South Miami and Miami Beach. 

Flowers visited: Sida carpinifolia, Heliotropium horizontal , Sabal 
Palmetto , Opuntia austrina } Croton linearis , ll"ptis radiata , Crotalaria 
pumila, Bidens leucantha , Borrichia frutescens } Helianthus debilis , 
Flaveria linearis and Vernonia Blodgettii. 
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M. petulca Cress. Described from Georgia. 

To all appearances this is a rare insect in our region. Four speci- 
mens only have been taken, one at South Miami, May 1, 1917, and the 
remaining three May 4, 1927, at Cocoplum Beach (south of Coconut 
Grove) on the flowers of Borrichia frutescens (Compos Ha;). 

M. perplexa Cress, var. This widely distributed bee, the range of 
which extends from Texas to Maine, has been observed at South Miami 
visiting exclusively the flowers of Chrysopsis Tracyi ( Composite r). 
The male has not been found. I sent two specimens (females) to 
Prof. Cockerell, requesting him to compare them with specimens of 
perplexa in his collection from other localities, and received from him 
the following information: “Your M. perplexa differ a little from the 
usual form in having a broader head (facial quadrangle broader) and 
I think rather rougher base of metathorax. I should hesitate to 
separate them unless you find the difference constant in a large series, 
and perhaps some difference in the males.” He further states: “I 
think critical field studies will tend to increase the number of recogniz- 
able species or races, but from one or two specimens it is hard to estimate 
the value of slight differences. So I call your bees simply perplexa 
var. and am not sure (judging from what you send) that there is any 
constant Florida race or segregation. As the records stand, perplexa 
visits many plants, but mostly Compositor ( Vernonia , Solidago , Aster , 
Rudbcckia, Lepachys , licit anth us , Silphhim , Coreopsis , Bidens and Hole il- 
ium). I suppose that if one were trying to distinguish races or allied 
forms, it would be desirable to collect series separately from these plants.” 

According to the records from New Jersey, Maryland and Virginia, 
perplexa flies in August and September, while the variety of our region 
appears very late. Repeated observations made in 1924, ’2(> and ’27 
have shown it to be on the wing from about the beginning of November 
to the middle of December, at a time when its food-plant, Chrysopsis 
Tracyi , is at the height of its flowering season. It has not been seen 
to pay any attention to the flowers of any of the other species of Com- 
posite blooming in the same locality at the same time. In my neighbor- 
hood it obviously depends on Chrysopsis Tracyi for its pollen supply. 
It probably occurs elsewhere in the state and may be found visiting 
some other species of Compositor. 

Centris Fabricius. 

C. versicolor Fabr. C. errans Fox, Proo. Acad. Nat. Sc. Phil 61, 
fn, described from specimens collected by Mrs. A T. Slosson at Biscavne 
Bay, is a synonym (11, 501). 

This is a tropical bee which is very widely distributed, from Florida 
on through the West Indies, Mexico, Cential and South America to 
Argentina. A female from Brickell Hammock, April 19, 1922, at the 
flowers of Bidens leucantha , is the only specimen collected by the writer. 
It -agrees very closely with the description of errans , and differs some- 
what in face marks and color of legs and abdomen from a specimen 
received from the U. S. National Museum, the label of which bears the 
following information: Dominica, june-July H. W. Foote, Yale Exp. 
1913. 
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Caupolicana Rpinola. 

C. (Megacilissa) yarrowi Cress. 

Its occurence in Florida was reported in Ent. News IX, 128; col- 
lected by Mrs. Slosson. Cockerell has found it in New Mexico, visiting 
the flowers of Datura between daylight and sunrise. A single speci- 
men, a 9 , was taken at vSouth Miami at the same time of the day on 
the flowers of the introduced tropical vine Antigonon leptopus Hook, 
and Arn. The bees of this genus are nocturnal, some of the South 
American species flying throughout the night. 

Coelioxys Latrcille. 

C. octodentata Say Custer has bred this parasitic bee from the 
cells of Megachile brevis , as reported by Hicks (10. 227). At Carlin- 
ville, 111., Robertson found the host bee flying from May 1 7) to October 22, 
and the parasite from May 12 to October 10 In the Miami region 
M. brevis has been taken from March 27 to December 17) and C. odo- 
dentata from March 3 to No\ ember 1 The specimens of the latter are 
from the Royal Palm State Park, Homestead, South Miami, Miami 
and Hollywood. It is by far the most common species of Coelioxys 
of this region. 

Flowers visited: Bidens lemanthu , Ycrnonia Blodgeltii, Mel anther a 
radiata , Sid a car pini folia and Oxypolis Jiliformis . 

C. dolichos Fox. (4, 107) Described from Florida (no locality 
given). Taken at Miami, Cocoplum Reach (south of Coconut Grove) 
anu Homestead, from the flowers of Bidens lemantha and Melanthcra 
parvifolia. Dates of capture January 28, March 27), July 2 and 3, 
November 3 and 8. 

C. slossoni Viercck (30, 327) Type locality, Lake Worth, Fla. 
Males and females collected at Miami, Royal Palm State Park and 
Cape Florida (Biscayne Key) on the following dates: January 1, 
February 23, November 8, 20, 21. On two occasions visits were noted 
to the flowers of Bidens leiuantl «. 

C. hunteri Crawf (3, 131) Type locality, Hcarne, Texas. A 
single specimen, a $ , March 20, 1920 at South Miami on the flowers of 
Bidens leucantha. 


Lithurgus Berthold. 

L. gibbosus Smith. Two males, March 13 and 31, and two females 
February 10 and March 0 at Miami and South Miami. Of these, a 
male and a female were visiting the flowers of the prickly-pear cactus 
(Opuntia austrina). 

Megachile Letreflle. 

All of my material was sent to Prof. T. B. Mitchefl of the North 
Carolina State College at Raleigh, who is engaged in a revision of the 
bees of this genus. His identification of the species has been of the 
utmost help to me. A species recognized as new will be described by 
him in a forthcoming paper. 
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M. xylocopoides Smith. This is a southern species whose range, 
according to information kindly furnished me by Prof. Mitchell, extends 
north to North Carolina at least. 

It flies from about the end of February to the beginning of November. 
Both sexes were taken at Miami and South Miami. Flowers visited: 
Poinscttia evathophora , Citrus Limonum (lemon) and Bidcns leucantha. 

M. mono Smith More tropical in its distribution than the fore- 
going. “Seems to be confined to the lower end of Florida” (Mitchell, 
in litt.). It has been found from February 25 to September 23 at the 
flowers of Poinscttia cyathophora , Melanthera brevifolia and Bidcns 
leucantha. The specimens are from the following localities: Brickell 
Hammock (Between Miami and Coconut Grove) and the Snapper Creek 
Hammock on the East Dixie Highway (between Coconut Grove and 
Cutler). 

M. pruina Smith. Miami, South Miami, Homestead, Royal Palm 
State Park. Males (florid ana Robt. is the male) were taken from 
June 0 to October 3 1, and the females (pittguis Cress, is a synonym) 
from July 15 to October 17. Females from the shore vegetation along 
Biscaync Bay in the Brickell Hammock and at Cocoplum Beach (south 
of Coconut Grove) were visitimr the flowers of Dalbergia Ecastophvllum 
and Melanthera parvi folia. Additional flowers visited were Croton 
linearis, Galactia floridana and Ycrnonia Blodgcttii. 

M. parallela Smith A female, Miami Beach, August 17, 1027, 
visiting the flowers of Melanthera parvi folia. 

M. albitarsis Cress cf 1 . Found from March 25 to October IS 
at South Miami, Chapman Field (near Cutler) and Homestead. 
Flowers visited: Croton linearis and Bidcns leucantha. 

M. optiva Cress. Flying from March 22 to November 2. Taken at 
Miami, South Miami, Cutler (Chapman Field) and the Royal Palm 
State Park, on the flowers of Sabal Palmetto, Croton linearis, Morongia 
angustata, Crotalaria sp. (cultivated in Chapman Field), Bidcns leucantha 
and Melanthera radiata. 

M. townsendiana Ckll. Known from the Southwest, and, as Prof. 
Mitchell informs me, also found at Galveston, Texas. I have both 
sexes from the dune vegetation at Miami Beach and Las Olas Beach 
(Fort Lauderdale), and have not come across it in any other type of 
vegetation. It visits the flowers of Melanthera parvi folia and the 
sunflower Ilelianlhus debilis, mostly the latter. My dates of capture 
run from May 27 to September 22. 

M. georgica Cress Miami, South Miami, Cutler (Chapman Field) 
and Hollywood, from April 11 to December 15. Flowers visited: 
Galactia floridana , Crotalaria pumila , Crotalaria sp. (cultivated at 
Chapman Field), Melanthera radiata, Polypteris inlcgrifolia and Lacin- 
iaria laevigata. 

M. pollicaris Say. Two males and a female at South Miami, 
June 14, 22 and 25, from the flowers of Vernonia Blodgcttii. 

M. inimica Cress. Miami (Brickell Hammock), Cocoplum Beach 
(south of Coconut Grove), Cape Florida (on Biscayne Key), and 
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Cutler (Chapman Field). Taken as early as February 10 and from 
then on in March, April and May, and again November 2. I have 
no records for the summer months. Visits were made to the flowers of 
Crotalaria pumila , Bidens leucantha and Borrichia frulescens, 

M. petulans Cress. Miami, Miami Beach, South Miami, Cutler 
(Chapman Field) and Royal Palm State Park, from March 15 to Novem- 
ber 25. Flowers visited: Sabal Palmetto , Poinsettia cyatliophora , 
Crotalaria sp. (cultivated in Chapman Field), Vernonia Blodgettii, 
Aster sp., Mclanthcra parvifolia and Bidens leucantha. 

M. mendica Cress. My records cover the period from May 11 to 
December 18 and show this to be our most common leaf-cutter bee. 
Specimens collected at Miami, Miami Beach, South Miami, Cutler 
(Chapman Field), Homestead and the Royal Palm State Park, on the 
flowers of Philibertella clausa, Galactia florid a mi , Crotalaria sp (culti- 
bated in Chapman Field), Vernonia Blodgetlii , Melanthna parvifolia , 
Borrichia frutescens, Aster sp., and Bidens leucantha. 

M. brevis Say. Time of flight from March 27 to December 15. 
Miami, South Miami and Cutler (Chapman Field). Flowers visited: 
Chamacc rista brachiata, Galactia floridana, Crotalaria pumila, Crotalaria 
sp (cultivated in Chapman Field), Vernonia Blodgettii and Mclanthcra 
rad i at a. 

M. generosa Cress Taken at Miami, Cocoplum Beach (south of 
Coconut drove), South Miami and the Royal Palm State Park, from 
February 27 to September 6, visiting the flowers of Poinsettia cyatliophora 
and Vernonia Blodgetlii. 

Megachile n. sp. One female captured on the flowers of 
Borrichia frutescens at Cocoplum Beach (South of Coconut drove) 
June 5. Undescribed, according to Prof. Mitchell. 

Heriades Spinola 

H. crawfordi Ciraen d\ 9. Fnt News 39, 281 (1928) Type 
( 9 ) and allotype (c? 1 ) deposited in the U. S National Museum. Plies 
during the winter time. Locdities and flower visits given with the 
description. 

Osmia Panzer. 

O. subfasciata Cress This species occurs in the sand dunes at 
Miami Beach and on Biscayne Key (across the Bay southeast of Miami), 
and \ isits the flowers of Crotalaria pumila. Dates of capture: February 
8, 15, and March 17. 


Stelis Panzer. 

S. floridana Graen. d\ 9. Fnt. News, 39, 282 (1928). Type 
( 9 ) and allotype (d) deposited in the U. S. National Museum. Five 
males and one female from Homestead, July 1916. 

In a recent letter, Mr. 11. F. Schwarz of the American Museum of 
Natural History has kindly informed me that he has come across two 
specimens in the Museum’s collection, from Biscayne Bay, Florida, 
which he considers belonging to this species, although they do not 
agree with the description in all respects. 



164 


Annals Entomological Society of America [Vol. XXIII, 


Anthidium Fabricius. 

A. maculifrons Smith. Up to a short time ago, the bees of this 
species inhabiting the Eastern U. S. have been considered co gnat um 
Cress, described from Georgia. Mr. H. F. Schwarz, who has given us 
a revision of the North American Anthidiinc bees, has compared speci- 
mens of cognatum with the type of maculifrons in the British Museum, 
and shown the former to be a synonym of the latter (21, 369). It 
extends its range northward as far as Virginia and in the southwest 
into Mexico. Among the records given by Schwarz for Florida, there 
is one from the Royal Palm State Park. It is not uncommon in our 
region from about February 10 to November 2, and I have specimens 
from Miami, South Miami, Cutler (Chapman Field) and Homestead. 
It seems to favor the flowers of Lcguminoscc on the following species of 
which it has been captured: Pclalostemon carncus , Galaitia Jloridana , 
Crotalaria pumila and a cultivated species of Crotalaria (Chapman 
Field). It has also been found visiting Chamaccrista brachiata (Cassi- 
acece), Vernon ia Blodgcttii (Composites) and U cl iotr opium horizontals. 

Heteranthidium Cockerell 

H. ridingsii Cress. Described from Georgia, and, according to 
Schwarz, found also in Alabama and Texas (18, .">). I have three males 
and two females from South Miami, which were taken between March 31 
and June 30, on the flowers of Chamaccrista brachiata and Antigonon 
leptopus , an ornamental vine introduced from tropical America. The 
females agree with the description in having dark legs, but in the males 
the tips of the femora and tibia- are red. 

Dianthidium Cockerell. 

D. floridiense H. F. Schwarz d\ 9. Am. Mus Nov. No. 226, 
3 (1926). 

The numerous specimens studied by Schwarz were from various 
localities in Florida, from Sanford in the northern part, to the Royal 
Palm State Park near the southern lip. Some of them were from 
Biscayne Bay and Homestead. This bee flies from about the middle 
of February to the end of October. Visits were noted to the flowers 
of Sabal Palmetto , but mostly to the following Composite Vernonia 
Blodgcttii , Mikania baiatifolia , Polyptcris integrifolia , Bidens kucantha > 
Laciniaria gracilis , Pterocaulon undatum and Melanthera parvifolia. 

Anthidiellum Cockerell. 

A. perplexum Smith. According to Schwarz (19, 18), its known 
range extends north to Southern Pines, N. C. Among the material 
seen by Schwarz was a & from Miami. I have found both sexes at 
Miami, Miami Beech, South Miami, Cutler (Chapman Field), Home- 
stead, and the Royal Plam State Park. Time of flight: February 10 to 
November 2. Flowers visited were those of Sabal Palmetto , Crotalaria 
pumila and Ilelianthus debilis. 
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A. notatum rufimaculatum H. F. Schwarz. d\ 9 . Am Mus Nov 
No. 220 , 18-19 ( 1920 ). 

The localities listed by Schwarz for this new variety are Miami, 
Homestead and the Royal Palm State Park. It is rather common 
throughout, and has been taken by the writer from January 21 to 
December 1 5. Flowers visited : Crotalaria pumila , Petalostemon t arncus , 
Galaclia floridana, Parosela domingensis , Croton linearis , Sesuvium For - 
tul a c a strum, Mel anthem parvi folia and Anligonon leptopus (an ornamental 
vine). Some of the specimens collected by Lutz in the Miami region 
were visiting the flowers of Sumac (reported by Schwarz). 

Ceratina Latreille 

C. dupla Say. Both sexes of this common and widely distributed 
species fly throughout the year. Nests with eggs and larva* may be 
found at any time in the dry stems of the Sumac, Rhus ohtusi folia and 
other pithy plants. Visits to the flowers of the following have been 
noted: Salix amphibia , S inapis arvensis, Opuntia austrina, Pycnothymus 
rigidus , Galactia pinetorum Aster ( oncolor , Bidens lencantha , Chrysopsis 
Tracy i and Cirsium pinetorum . 

C. cockerelli II. S. Smith. (Changed from C. lunata H. S. Smith, 
preoccupied). Type locality Fedor, Leo County, Texas (26, 119 ). 
Five males and two females have been taken in the dune area at Miami 
Beach, July 29 , 1910 and April 12 , 1918 , some of them at the flowers of 
Poly gala cumulicola Small, a new species found by Small in that locality 
(2C, »1<8 1 ) . Another male was caught in the house, at South Miami, 
towards evening, January 11 , 1921 . 

In each of the males the white clypeal mark does not cover the entire 
clypeal surface as in the type material. There is a line along the base 
from which a rectangular median mark projects upwards, the whole 
resembling in inverted “T. ” 

Xylocopa Latreille. 

X. micans St. Farg Cockerell (2, o) has seen a specimen from 
Homestead. I have both sexes from the Royal Palm State Park, South 
Miami and Miami (Brickell Hammock). It flics from about the end of 
February to the end of November. Flowers visited: Screnoa serrulata , 
Sabal Palmetto , Philibertella clausa , Solatium bahamensc , S. Wcndlandi 
(an ornamental tropical vine), Chamacirista braihiata , Crotalaria 
pum'da , Dalbergia Ecastophyllum and Bidens lencantha. 

Bombus Latreille (Bremus Panzer). 

In Franklin’s “Bombkkc of North America,” the following four 
species are credited ’to Florida: americanorum , impatiens , separalus , and 
/ rater nus. The first three occur in the Miami region , [rater nus Smith 
(scutellaris Cress.) has been found by the writer as far south as Childs, 
which is situated a short distance northwest of Lake Okeechooee at 
the southern end of the hilly country known as the “ Ridge Section. ” 
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B. americanorum Fab. ( pennsyhanicus DeG.) is our most common 
bumblebee. Females (queens) have been taken as early as February 12 
and as late as November »$(). There is a period of hibernation, the 
beginning of which is determined by the first cold spell (about 40° F. or 
below) of the winter season. In 1927, for example, bees of this species 
were daily visitors to a group of flowers of Antigonon leptopus (an 
introduced tropical vine belonging to the Polygonaceee) near our house 
up to the end of the first week in November, when cold weather set in, 
and put an end to their appearance. Workers have been seen from 
June 6 to the beginning of October, and males from June 6 to the middle 
of October. 

Flowers visited: Chamaecrista brachiata , Opuntia austrina , IVr- 
nonia Blodqettii , Cirsium pinetorum , Lantana ovatijolia and Morinda 
Roio(. They are attracted to quite an extent by the flowers of the 
various cultivated species of Citrus (grapefruit, orange, lemon and 
lime), as also by those of the ornamental tropical vines Solan um 
Wendlandi and Antigonon leptopus. 

B. impatiens Cress. This has been found only occasionally at Miami 
and South Miami, in July, August and October, on the flowers of 
Bidcns leucant/ia, Conoclinium dichotomum and Solatium Wendlandi. 
No males have been seen. 

B. separatus Cress. Belongs to the subgenus Bombias Robertson. 
Like the preceding species, it is poorly represented in our fauna. Three 
females were collected at South Miami in April and June, at the flowers 
of M or oii^ia angustata and Solatium Wendlandi. To my great surprise 
I came across a 9 December 22, 1926, collecting pollen on Pouted eria 
cor data (pickerel weed) which was growing in a wet ditch along a road 
in the Everglades several miles west of South Miami. 

Psithyrus Lepcletier 

P. variabilis Cress Has not been reported from Florida. It is a 
parasite in the nests of Bombus amcrit anorum (the common bumblebee 
of our region), according to Frison (5). The only specimen the writer 
has seen, so far, is a female taken at Homestead, July 21, 1916. 

Apis Linnaeus. 

A. mellifera Linn Honey-bee. Common throughout, both culti- 
vated and wild. As elsewhere, it often monopolizes flowers with a rich 
supply of pollen and nectar to such an extent that other visitors are 
nearly excluded. It visits a great variety of flowers, is a regular visitor 
to the flowers of many of our fruit trees (Citrus fruits, avocadoes, 
mangoes, etc.), and for this reason is kept in many of the groves. 
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Bee Fauna of the Royal Palm State Park. 

The '‘Natural History of Paradise Key and the nearby 
Everglades of Florida, ” published in 1919 by W. E. Salford (17), 
contains a lot of interesting information on the plant and animal 
life, and various other topics. This State Park is situated 
41 miles southwest of Miami, and covers an area of about 
three square mile's. Within its confines three distinct types of 
vegetation are represented. The limestone island called Para- 
dise Key is covered mostly by a Tropical Hammock, with a 
stretch of Pinewoods in one corner. The wet lowlands sur- 
rounding Paradise Key belong to the Marl Prairie vegetation. 

The species of bees reported by Safford are as follows: 

Bombus anierii anonon ( pennsylvanicus), Xylocopa niicans, Malachite 
poll tear is , Coclioxys dolidws and Augoihlora sp. 

To these may be added the following, three of which (Anthi- 
diime) have been reported by Mr. H. F. Schwarz: 

II yl aens sdiwarzii , Augodilora pur a , A. cuprea , Coclioxys octodentata , 
C. slossoni , Mcgadiile pritiiut , M. optiva , \I. petitions , M. mendim, M. 
generosa , Anthidium maculifrons (Schwarz), Dianthidium Jloridicnse 
(Schwarz). Anthidiclliun notation rujimai ulatmn (Schwarz) and A. 
perplex uni. 

SEASONAL nisi KIIJU I ION. 

Some of the species fly throughout the year, for three species 
T have records for the cooler season only, the majority, however, 
appear on the wing towards the end of the winter or early in 
the spring, and carry on their activities during the warmer 
months of the year until late in the fall. 

PERIOD OF FLIGHT COVERING THE ENTIRE YEAR. 

Colletes latitarsis. Specimens of the bee and of \\< hi id-plant, 
Physalis viseosa , may be found at any time during the winter, but 
both appear in greater numbers during the warmer months. 

llalictus . All of the species, the records for which are complete, 
fly the year round, with the exception of halophilus. 

A n goe hi ora. The four species listed for the region belong to this 
group. 

Ccratina. Our common species dufila is common at all times. 
Cockcrclli has been taken from January 1 1 to July ‘29, but probably 
flies during the rest of the year. 

FLYING DURING THE COOLER SEASON. 

Ilylaeus schwarzii: October 1 May 2. 

Coclioxys slossoni: November 8-February 25. 

Ileriades crawfordi: October 27- April 0. 
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The periods of flight given for these species are based on 
repeated observations I have not yet succeeded in finding 
them at any other time. 

FIYJN<i nrRINO TIIK WARMER SEASON. 

Collates. Mandibularis is a vernal species (March 30- June 11) 
and so is probably distindus, which has been taken April 21 and May 1. 

HaJictus halopliilus (April 20 October 22) is the only species of the 
genus restricted in its appearance to the warmer months. 

Agapostemon splendens: March 14-December b 

Sphccodcs ignitus: March 21 December 28. 

Perdita. P. sp. (undescribed), flying throughout September and 
October. P. halidoides is a vernal species. One female taken at 
Coral Gables, March 2. Two females were collected by Dr. Bradley 
at Coronado Beach (Florida East Coast south of Daytona), May 5, 
1910, as reported by Prof. Tiinberlake (29, loo) 

Melissodcs. Communis , March 21 November 11. Pcrplexa var. 
is autumnal (November and first half of December). For petulca the 
records are incomplete (May). 

Triepeolus rufithorax : March 28-October 20. Is probably a 
parasite of Melissodes communis (March 21 -November 14). 

Epeolus bifascialus. Taken from February 10 to June 22. If it is a 
parasite of Collclcs latitat sis, as suggested by Robertson, it probably 
flies much longer. 

Mcgachile. Some of the species, like morio , xylocopoides , inimica , 
and genet os a, start in February, others in March or April. Townsendiana 
and mcnd’ua do not seem to appear before May, and for prnina and 
pollicaris the earliest records are for June. Many of the species fly 
until late in the fall. The latest dates are as follows : georgic a , December 
15, brevis December 15, mendica December 18. 

C oelioxys . Our common species, ododentata (a parasite of Mcgachile 
brevis ), flies from March to November. The records for dolichos 
indicate a flight from the end of January to the second week in 
November. 

Lithurgus gibbosus is an early fljer (February 10 -March 21), Osmia 
subfasciata likewise (February 8 March 17). I suspect, however, that 
my records for both of these are incomplete. 

Heteranthidium ridingsii , the least common of our Anthidiincr, 
flies in the spring (March 21 -June 20). The four remaining species 
start early and finish late, as the following records show: Anthidium 
maculifrons , February 10-November 2; Dianlhidium Jloridiense, February 
30-October 20; Anthidiellum notatum rujimaculatum } January 24- 
December 15; A. perplex urn, February 10 -November 2. 

Stelis floridana. There is only one record for this parasitic bee: 
July 20, 191 G. 

Xylocopa micans: February 25 November 24. 

Bombus. The earliest date for the female (queen) of americanorum , 
our common bumblebee, is February 12, the latest November 20. 
The two remaining species are comparatively rare, and for these the 
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early and late records are as follows: impatient s, July 20 October 21; 
sc par at us, April 8-December 22. As to the latter date, it was stated 
in the first part of this paper that the finding of a bumblebee collecting 
pollen at this time of the year came entirely unexpect ed The question 
arises whether this particular species (separata s) is a hardier insect than 
americanorum , and normally carries its nesting activities over into the 
cooler season, or whether we are dealing with the exceptional behavior 
of an individual. 

Psitliyrus variabilis. This parasite of Bombas americanorum has 
been met with on one occasion only: July 21, 1910. 

Types of Vegetation 

The vegetation of the Miami region is made tip of several 
distinct types, a discussion of which is deemed essential to an 
understanding of the environmental conditions under which 
the bees live. The latter are in their majority not dependent 
upon any particular type of vegetation, they show a more or 
less even distribution throughout wherever suitable food-plants 
and nesting sites exist. There are, however, a number of 
species which, according to the information on hand, are 
restricted to certain well-defined areas. 

The following six types of vegetation are to be considered*, 
and for each a few of the plants mentioned, the flowers of which 
seem to be of especial importance in the economy of the bees. 

1. Pinewoods. 

The characteristic tree of the Pinewoods is Finns c aribaea ( C aribbean 
pine), and this is the only pine found south of Miami Palms, notably 
the saw-palmetto ( Serenoa serralata) and the cabbage palmetto ( Sabal 
Palmetto), are prominent, and, in some places, even dominant members 
of the undergrowth, and their [lowers are eagerly visited by bees and 
other insects. There is a great variety of herbs occupying the available 
spaces between the larger elements of the flora, and the flowers of some 
of these are very attractive to bees. 

Among the Com posit ce {Carduatea* according to Small) the following 
species deserve special mention: Bident s leucantha , Vernonia Blodgcttii 
and Chrysopsis Tracy i. 

Bide ns leucantha: This is an obnoxious weed locally known as 
“Spanish needles,” a native of Tropical America, and, according to 
Small, widely distributed in tropical countries. Of extremely common 
occurrence, it inhabits roadsides and waste grounds in the Pinewoods, 
the Hammocks and the drier portions of the Marl Prairies. Its con- 
spicuous heads with the white rays and yellow tubular florets offer 
throughout the year, and especially during the summer months, a 
never-failing supply of pollen and nectar. It is a most imp _>rtant 

' See Dr. R. M. Harper, Natural Resources of Southern Florida. From the 
lMh Annual Report of the Florida State Geological Survey (1927). 
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food-plant of our native bees, and stands at the head of the list, so 
far as the number of visitors is concerned. Twenty-five species belong- 
ing to the following genera were observed: 1 Hal ictus, Augochlora , 
l Agapostemon, 1 Triepeolus , 4 Coclioxys , 9 Megachile , 1 Dianthidium , 
1 Ccratina , 1 Ccntris , 1 Xylocopa , 1 Bomhus, 1 

Vernonia Blodgcttii: On the numerous purple heads fourteen species 
of bees of the following genera were taken in May and June: 1 
postemon , 1 Epeolus , 1 'Triepcolus , l Afr/mw/rs, 1 Coclioxys , 0 Mega- 
chile, 1 Anthidium, 1 Dianthidium , 1 Bomhus. 

Chrysopsis Tracy i (Oolden aster). This is mainly an autumnal 
species which reaches its maximum from about the beginning of Septem- 
ber to the middle of December, when patches of the conspicuous yellow 
heads appear on the pinclands. Scattered specimens, however, may be 
found in bloom during the rest of the year. Nine species of bees have 
been taken as visitors, and two of these, Mclissodcs perplexa and Perdita 
sp. (an undescribed species), obtain their pollen exclusively from these 
flowers. 

The cabbage-palmetto (Sahal Palmetto) produces small s^ect- 
scented flowers in great abundance, which are visited chiefly on account 
of their nectar. Eleven species of bees, ranging in size from the small 
Ilalictus longiccps to the large carpenter bee, Xylocopa mican s, were 
taken on the flowers. 

The leguminous plants, Crotalaria pumila (rattle box) and GaUutia 
jloridana (milk-vctch) are both quite attractive to bees. Crotalaria 
pumila , a weed with yellow flowers introduced from tropical America, 
is of common occurrence. Galactia Jloridana is a purple-flowered 
prostrate vine growing in patches. The closely related C. pinctorum , 
with smaller flowers is also an inhabitant of the Pinewoods. 

Croton linearis (Fam. Euphorbiacece), a small shrub, has incon- 
spicuous white flowers with easily accessible nectar, which attract 
bees of the genera Ilalictus , Augochlora , Mclissodcs, Megachile, Heriades 
and Anthidiellum. 

Opunlia austrina , the only prickly-pear cactus of our Pinewoods, 
has large bright-yellow flowers with numerous stamens, but without 
nectar. This is a typical pollen-flower and its abundant supply of 
pollen attracts female bees of all sizes. 

2. Tropical Hammocks. 

Dense forests composed mainly of tropical vegetation (trees, shrubs, 
climbing vines and herbs) are scattered throughout the region, especially 
south of Miami. They are locally called “hammocks.” Some are 
very small, while others, like the Brickell Hammock (along the Bay 
north of Coconut Grove) and the Royal Palm State Park (44 miles 
southwest of Miami) cover large tracts. The spaces between the 
trees are occupied mostly by climbers (lianas), the whole forming a 
more or less impenetrable jungle which receives very little light from 
above on account of the dense covering of the tree tops. For this 
reason shrubs and herbs thrive most abundantly in open spaces or 
along the margins. Roads leading through the “hammock” are 
invariably bordered by a luxuriant roadside vegetation. A very 
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characteristic feature is the number of epiphytes (so-called “air-plants”) 
attached to the trunks and limbs of living and dead trees, consisting 
mostly of ferns, orchids and bromeliads (pineapple family). Bees are, 
as a rule, not found in the intensely shaded interior of a hammock, 
where there are few flowers to attract them; but, wherever flowers arc 
plentiful, as along the margins and the roadsides, bees may be as 
numerous as in the Pinewoods, and many of the species inhabiting the 
latter are found here. The weed, Bidens leucantha , referred to above 
(under “Pinewoods”) occurs in great numbers in such open situations. 
Of the native hammock plants attractive to bees Melanthera parvifolia 
(Composite) and Poinsettia t yathophora (Kuphorbiaccce) may be cited. 
The first-named forms large patches with very numerous heads of 
small white tubular florets, on which eight species of bees were taken. 
Not one of those visitors, however, is a typical inhabitant of the ham- 
mock. Offering an ample supply of pollen and nectar, the flowers of 
Poinscttia i yathophora attract insects of various orders. Seven species 
of bees were noted, one of which, Megachile morio , is distinctly tropical 
in its distribution, and has not been found by the writer outside of the 
Tropical Hammocks, so far Centri s versicolor . a single specimen of 
which was taken in Brickell Hammock on the flowers of Bidens leu- 
cantha , is also a species of the tropics, ranging southward to Argentina. 
I have repeatedly watched the flowers of hammock trees of various 
sizes, and to my great surprise found a .scarcity or even lack of visitors. 
Large trees that had been tipped over by the hurricane of H)2(> and were 
sti ’ alive, and blooming the following season, made it possible for me 
to observe the flowers at close range 

3. M \rl Prairii s. 

The pinelands of the Miami region are situated on a broad elevated 
strip along the coast, and west of these are the lowlands known as the 
“Lverglades,” which Harper (9, 124) calls “the largest saw-grass marsh 
in the world.” The dominating plant, especially in wet situations, is 
a large sedge, M arise us jamaiu nsis (saw grass) From the Everglades 
numerous arms of varying width run out between the island-like pine- 
lands towards the coast, and these are called “ Marl Prairies” on account 
of the marly character of the soil. 

Bare Paris hat i mi folia (locally known as “glade myrtle”) is a small 
tree belonging to the Compositce , which occurs in great abundance. 
The innumerable white heads of this dioecious plant form a very 
conspicuous covering of the upper parts, from about the middle of 
October to the middle of December. The sweet-scented flowers are 
visited by bees and other kinds of anthophilous insects in large number. 
Sagittaria laucifolia (arrowhead), a common inhabitant of wet grounds, 
produces large white flowers which are especially attractive to the bee 
Ilylaeus s chwarzii Ckll. Once only have 1 come across this bee visiting 
the flowers of another plant, viz. Bramia Monnicra, which too is a 
species of the Marl Prairie. Robertson (5) has taken Ilylaeus sc 7 > warzii 
at the flowers of Prunus umheUata , Kriocaulon sp. % Ctrieularia inti ala, 
Castalia reniformis and Xymphaea advena at Imerness and Orlando, 
Florida, both of which are in the Austroriparian zone. Kriocaulon 
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occurs usually in low grounds, Vtruularia , Caslalia and Nymphaea 
are decidedly hydrophytic. I have found Hylaeus schwarzii at Miami, 
South Miami and the Royal Palm State Park on numerous occasions, 
and always in moist or wet habitats, and do not hesitate to consider it 
a characteristic species of the Marl Prairies of the Miami region. 

4. Co\sr Prairies. 

On account of the .salty condition of the .soil, the low prairies along 
the shores of Biscayne Bay are inhabited by salt-loving plants (halo- 
phytes). Of the Coast Prairie type of vegetation Harper (9, ISO) 
states that “it has been confused with the Everglades by some writers, 
and its inland edge does not differ much from the southern edge of the 
Everglades, but the Everglades are never touched by saltwater.” 

North of the large hammock at Cutler (about 0 miles south of Miami) 
there is a considerable portion of shoreland of the Coast Prairie type. 
South of the canal leading into Chapman Field (in the northern part 
of which the Plant Introduction Garden of the U. S. Dept, of Agriculture 
is located) a broad belt of mangroves ( Rhizophora mangle) occupies the 
wet land and extends out into the shallow water, while in the slightly 
higher and drier situations the black mangrove (Aviccnnia nitida ), 
white mangrove (Laguncularia raiemosa ), and the button-wood (Con- 
ocarpus erccta) are the characteristic plants of larger size. Farther 
inland where the soil is markedly drier, Baa Paris lialimi folia (mentioned 
above under “Marl Prairies”) grows in profusion The following 
halophytic herbs, the flowers of which are visited by bees, occur here: 
Borrichia frutesccns , Sesuvium maritimum, Ihiiotropium curassavicum 
and Bramia Monniera. Borrichia frutesccns (Composite) has large 
heads with yellow rays, on which middle-sized bees (species of Mclis- 
sodes , Megachile and Triepeolus) are found. The other halophytes 
mentioned are low plants with small flowers, and these are visited by 
the small bee Hal ictus (Chi oral ictus) halophilus , the type specimens of 
which were taken by the writer in this locality. Later on he has come 
across it on a narrow peninsular strip projecting from the northern end 
of Chapman Field out into Bay Biscayne, as also several miles farther 
north at Cocoplum Beach. In both places it was visiting the flowers 
of Sesuvium Poriulacastrum (Sea-purslane) and the spurge Chamaesyce 
buxifolia , two additional halophytes. In the Miami region the bee 
Halictus halophilus seems to be confined to the Coast Prairie type of 
vegetation, and probably occurs in other regions along the coasts of 
sub-tropical Florida wherever the corresponding type of vegetation 
exists. 

Du.m- Vegetation. 

Opposite Miami, between the eastern shore of Biscayne Bay and the 
Atlantic Ocean, is a narrow barrier beach upon the southern end of which 
the city of Miami Beach has been built. This is a southern extension 
of the barrier beach along the Florida East Coast, and the two keys 
immediately south of Miami Beach (Virginia Key and Biscayne Key 
with Cape Florida at its southern tip) are continuations of the same 
costal strip. The more elevated portions of the dunes along the 
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Atlantic shore are out of reach of the waves of ordinary storms, but are 
subject to spray, and are inhabited by a number of halophvtic plants. 
The largest native plants on the dunes are the sea-grape (Cocolobis 
uvifera ), the Spanish bayonet ( Yucca aloi folia), the bay-cedar (Suriana 
maritima ), and Tournefortia gnaphalodes. Two large trailing vines, 
Ipomoea Pes-caprcc (goat’s foot morning glory) and •Canavali lincata 
(a bean of West Indian origin), are very conspicuous elements of this 
type of vegetation. 

The bees inhabiting the dunes have been taken mostly on the 
flowers of Ilelianthus debilis (beach sunflower), Alternanthera lluridana 
and Crolalaria pumila , a leguminous weed considered previously under 
Pinewoods vegetation. Ilelianthus debilis has large yellow rays and 
is more attractive to visitors than any other dune flower. The small 
and very inconspicuous flowers of Alternanthera jloridana are visited 
by the small bees Ilalictus marimts and II. lepidii. There are three 
bees peculiar to the dunes, which I have never succeeded in finding 
in any of the other types of vegetation. These are Megachile toien- 
sendiana on Ilelianthus debilis at Miami Beach and Las Olas Beach 
fat Fort Lauderdale); Osmia subfasdata on Crotalaria pumila at Miami 
Beach and on Key Biscay lie, and Ilalictus maiinus on Alternanthera 
tloridana , Ilelianthus debilis and Sesuvium Portulac astrum at Miami 
Beach, Key Biscayne, Golden Beach and Las Olas Beach. 

0. Tjil “Scrub.” 

According to Harper (9, 7b) “the driest and poorest soils in South 
Florida, consisting almost entirely of white quartz sand, are usually 
occupied by a type of vegetation known as “scrub.” He points to 
its occurrence in the Lake Region of Central Florida, and as a narrow 
strip along the East Coast as far soutli as Dade County. In 1921 
Small (24, SO) wrote as follows: “It seems that the southern limit of 
the “scrub” on the eastern coast is just west of Lemon City, between 
three and four miles north of Miami. The characteristic plant- 
association was ihere, cxceptkig spruce-] line (Pinus clausa) which, 
however, was reported from that region not many years ago.” 

I have not been able to find any remnants of the “Scrub” in this 
particular locality, and believe that it has been wiped out by the extensive 
real estate activities of the last few years. There is, however, a small area 
of “Scrub” southwest of Hollywood, (16 miles north of Miami) which 
the writer has visited on several occasions. The two following very 
characteristic plants of the “Scrub” are still in existence: Pinus 
clausa (scrub-pine or spruce-pine) and Ccratiola eric aides (rosemary), 
and a number of other species usually associated with the “Scrub” 
are there. An undescribed species of the bee genus Perdita which 
visits exclusively flQwers of the genus Chrysopsis (Com posited) was found 
there, and I have been able to trace its occurrence in the “Scrub” as 
far as Stuart, which is 100 miles north of Miami. In the northwestern 
section of the city of Miami (S. E. comer of N. W. 7th St. and 22nd 
Ave.) there is a small area of vegetation on pure sand, where I have 
repeatedly found this bee on Chrysopsis Tracyi , the only species of 
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Chrysopsis in that locality. Another bee, Augochlora f ulgida , occurs 
there, and in the “Scrub” near Hollywood and at West Palm Beach, 
but neither this nor the Pcrdita sp. have been met with in the Pinewoods 
on the Miami limestone south of the city of Miami. 
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CONTRIBUTION TO A KNOWLEDGE OF THE SPINDLE 
WORM, ACHATODES ZEAE (HARRIS.) 

(Lepidoptera, Noctuidae.) 


E. P. fiRhWCI \ 

Wisconsin Department of Agriculture and Markets 


The spindle worm, A chat odes z r, cc (Harris), has been known 
to taxonomists since 1 S 1 1 . Accounts of it have frequently 
appeared in economic literature, but much uncertainty exists 
as to its economic status, and only fragments of its life history 
have been recorded. .Since these studies were undertaken 
Balduf (1) has noted certain important elements of its seasonal 
history in connection with his observations on its parasites. 
The spindle worm first claimed the writer’s attention late in 
the spring of 1927, when large numbers of them were found 
boring in the shoots of the common elder, Sanihucus canadensis 
L , near Madison, Wisconsin. Data gathered would indicate 
that while A. zccc mav be considered a potential pest of certain 
cr ps in some localities it rarely attacks these in its natural 
environment. 

The first account of the spindle worm to be found in the 
literature is that of Dr. T. W. Harris. On page .‘>19 of the 
IM1 edition of his Insects Injurious to Vegetation the species 
is described under the name of Gortyna zccc. latter it was 
transferred to the genus At Ini t odes of Gucnec where it has 
remained 

1)1 S 1 Kim IIOV \\I> liosr PI.WIS. 

Aihatodes zca has been recorded from Maine, Massachusetts, 
New York, New Jersey, Ohio, Ontario, Indiana, Illinois, Iowa 
and Louisiana. In addition the writer has found it well dis- 
tributed in Wisconsin and believes that its range will prove 
to be coextensive with that of its natural host plant , Sanib licit. s 
canadensis L. Spindle worms have not been found in the 
shoots of the rcd>-berricd elder, S. rucenwsa L., although they 
have been sought in w r ell developed stands of this plant. The 
fact that the latter has reached a more advanced stage in 
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development by the time the young caterpillars are about in 
the spring may account for its freedom from attack, for evidence 
gathered indicates that they find difficulty in entering a shoot, 
the exterior of which has become hard and woody. The 
difference that exists in the piths of the two plants may be a 
factor as that of the red -berried elder is tough and brown. 

ECONOMIC HISTORY 

Occasionally the lame of A chat odes zece arc found feeding in the 
stems of other plants. We learn from Dr. Harris’ account (,>) that it 
was known to the farmers and gardeners of Massachusetts as the 
spindle worm from its destruction of the spindle of the corn, but that its 
attacks usually began before the spindle arose much above the tuft of 
leaves in which it was embosomed. We are also told that it was known 
to attack the stems of Dahlia and had been found in the pith of elder. 

Smith (S) records a communication from Dr. F. H. Chittenden in 
which we are informed that this is one of the cases in which Dr. Harris 
was wrong, that A . zece feeds exclusively, so far as records go, in the 
stems of elder, and that any records of it injuring corn or strawberry, 
are in his (Chittenden’s) opinion, incorrect. It is also pointed out that 
the true culprit found attacking such crops is Papaipema nitela or 
jiebtis , and that the species mentioned by Harris refers to both. 

After examining the citation given by Dr. Chittenden, the writer is 
convinced that in this instance Dr. Harris was not confused as to the 
identity of the two inserts he was considering. The description of the 
spindle worm given on pages MS and MO of the above citation, though 
brief, fits the larva of J. zece very well. After completing his account 
of this insect, Harris turned his attention to another caterpillar (p. DO) 
which he states is something like the spindle worm. We are told that 
this particular caterpillar had often been found by farmers in potato 
stalks, and that he himself had taken it from Chenopodium. Since the 
transformation of this caterpillar had not been observed, it was not 
given a name, but it is evident from his account and drawing that he 
had before him the larva of Papaipema sp. } and that he was fully aware 
it was not the spindle worm. 

The detailed description written by Felt (d) for the half grown 
spindle worm, however, is obviously of another species. 

Ellis (2) records an instance where eight young spindle worms were 
found in an equal number of sweet corn plants on May 28. The corn 
had not reached the spindle stage, but the larvae were in well-defined 
burrows and were headed upward in these tunnels. The insect has also 
been recorded as injuring corn along the edge of a field near an elder 
thicket in Iowa (3) 

No records of the spindle worm injuring com in Wisconsin can be 
found, but on June 8, 1 928, the writer removed three larvae from as many 
Dahlia plants at Janesville. These plants were small and were near a 
well developed growth of elder. 
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METHODS. 

The abundance of the material together witli its accessibility con- 
tributed much toward the success of making detailed observations of the 
activities of A. zecc under natural conditions. It has been possible to 
supplement these with observations made of specimens in confinement. 
Records kept for the insects in confinement gave such information as 
the length of the adult’s life, the number of eggs laid, the effect of 
fertility on fecundity, and others that were scarcely anticipated. 
Extensive collecting was done, since a census of the natural enemies 
that might be attacking the species was desired, in addition to the 
material needed for stocking the cages. 

From the adults that emerged in 1929 the following groups were 
selected for more detailed observation: Six fertile females, six males, and 
six virgin females. Each moth was confined soon after eclosion in 
an individual cage made from a tin box, one side of which had been 
provided with a screened opening. The bottom of each cage was 
covered with three or four thicknesses of toweling paper cut to fit. 
Food was supplied in the form of loaf sugar that had been dipped in 
water The females were provided with artificial egg repositories 
described elsewhere. In both 192N and 1929, moths were confined in 
larger cages where observations of a more general nature could be 
made. All cages were kept under a shelter which experienced the same 
temperatures as those prevailing outside. 

K Ml REPOS]] OKIES. 

After discovering that the moths seek close crevices or folds in which 
to oviposit, special egg repositories were provided with the aim of 
making the eggs more accessible for observation. A small sheet of 
paper 1 ()..“> X 1 1 cm. was taken from a desk pad and accordion-pleated 
crosswise with centimeter folds. The pleats were then appressed at one 
end and secured with a paper clip. The result was a small paper fan 
which was placed in the cage, flaring end down. Because of the ease 
with which the repositories were constructed, they were replaced as 
often as desired. When one was removed from a cage, such information 
as the date and cage number was written on one of the lower corners, 
the clip was removed and it was stored for future observation. The 
moths always placed their eggs between the closely appressed folds 
near the clip. By pulling the pleats apart the egg masses were exposed, 
although fibers from the adjacent fold sometimes had to be removed 
with a pair of fine tweezers before an unobstructed view of the eggs 
could be had. 


Seasonal History and Habits. 

Achatodes zecc has but one generation a year and shows a 
nicety of adjustment to the seasonal development of the host 
plant. At Madison the eggs are laid, for the most part, during 
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the last half of July. Winter is passed as a developing embryo 
within the chorion of the egg. Hatching of the eggs is irregular, 
but takes place mostly during the last part of April and the 
first part of May. By the end of June larval growth is at an 
end and pupation is taking place. The pupal stage lasts about 
15 days. Oviposition begins shortly after the adults emerge. 

Location of the Eggs. 

The eggs of A . zece have always been found where they had 
been inserted in close crevices and folds occurring in the dry 
and discolored remains of the host plant, or in those of other 
plants present in the immediate vicinity. Balduf states, in 
correspondence, that moths which he had in confinement 
placed their eggs under the edges of loose bark of old elder 
stems, but adds that no other condition was provided. The 
writer has had moths do the same, but no preference was shown 
for this method of concealing the eggs. 

Manner of Oviposition. 

The female seems to locate a suitable place for her eggs 
entirely by the trial and error method. When her ovipositor 
enters a crevice narrow enough to offer the apparently necessary 
resistance she tarries long enough to deposit a mass of eggs 
before moving on to find another. In all the cases observed, 
the female turned her ovipositor about through a quarter turn 
in placing the eggs, the longitudinal axis of her body being 
parallel with the length of the crevice. 

The eggs are pushed well down into the crevice or fold, to as 
great a depth as 3 mm., and are usually laid in more or less 
even masses of straight rows, as many as four rows being 
superimposed one upon the other. The eggs are securely 
cemented in place by a clear fluid provided by the moth. This 
cement appears to be chitinous in that it is unaffected by 
either hot or cold water, 70 per cent alcohol, xylene, ether or 
glacial acetic acid. A strong solution of sodium hydroxide 
failed to dissolve it in eight hours, although much of the chorion 
had been removed from the eggs Commercial sulphuric acid 
in the same length of time apparently had little effect on either 
the cement or the chorion of the eggs. On the other hand, 
hydrochloric acid attacked the cement but left the chorion of 
the eggs intact. 
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The approach of darkness stimulates the moths to activity 
and oviposition begins soon after. It was not learned how far 
into the night oviposition continued. Sudden exposure of the 
moths to bright light stopped all activity. By providing an 
artificial twilight it was possible to stimulate the moths to 
activity and to observe their behavior. 

The duration of the period of oviposition for the fertilized 
females in confinement varied from one to four days. Two and 
one-half days was the average secured, and it would seem that 
this is more typical of the usual behavior of the insects than 
either extreme. 

Daily and Total Egg Production. 

Each female during her life deposited an average of 184- 
egg masses which contained an average of. 194- eggs each. 
The largest number of egg masses deposited by one female 
during one day was 15, and the maximum total for one individual 
was 27. The smallest number of egg masses deposited by one 
individual during her entire life was 6. The number of eggs 
in the masses varied from 2 to 58. 

The number of eggs deposited by a moth during one day and 
during her life varied greatly. Since all moths were fed from 
the beginning it is not known what effect a lack of food might 
have had on egg production. It has been found that food 
does affect the fecundity of some species of Lepidoptera, those 
having access to food being more productive. The effect of 
fertility on fecundity will be discussed under a separate heading. 

The average daily egg production of the six females was 1 1 9. 
The minimum number of eggs deposited by any one female on 
one day was 44 and the maximum number was 281. The 
average number of eggs deposited by a moth during her life 
was 297 and the extremes of 148 and 453 were secured. This 
variability in number of eggs laid is by no means confined to 
this species of Lepidoptera. 


Fertility. 

It was learnec( that fertilized females may lay a few infertile 
eggs. These failed to change in color and soon collapsed. 
A few eggs were found that had changed color and then col- 
lapsed, indicating that death had followed soon after embiyonic 
development had started. 



ISO 


Annals Entomological Society of America [Vol. XXIII 


Length oj Incubation Period. 

Achatodes zecc spends approximately three-fourths of its life 
span within the chorion of the egg. Eggs laid during the 
latter part of July do not hatch until late in April or the first 
of May of the following year. Those laid in 1!)2<S had hatched 
by May 1, 11)29. Balduf states, in correspondence, that eggs 
which he had overwintered outside his window at Urbana, 111., 
had hatched on April 2o. The first eggs to be laid by a moth 
in confinement in Madison were deposited on July 20 and the 
last on August 2. When first laid, the eggs were a creamy 
white in color but began to darken by the third day, taking 
on a pinkish cast which deepened to a maroon, and within a 
week became a dark amber. Such a change indicates that 
embryonic development began very soon after the eggs v ere 
laid. Eggs dissected on November 1 ~> disclosed that embryonic 
development had gone beyond the gastrula stage. 

Habits oj the Caterpillars. 

With the coming of warm weather in the spring, the eggs 
hatch and the young caterpillars scatter in search of the tender 
shoots of the host plant, choosing to attack the more succulent 
portions. A newly hatched spindle worm displays considerable 
endurance and leads a solitary life from the beginning. As 
development progresses, the burrows are abandoned as they 
are outgrown or as the food supply becomes exhausted and new 
locations are sought. 

The spindle worm is a gross feeder and in the later stages will 
mine out the hearts of the shoots until only a thin shell remains. 
With few exceptions the mines proceed upward from the point 
of entry. Large quantities of wet excrement are produced by 
the larva, only a portion of which is discharged from the entrance 
to its burrow. The bleeding of the continuously wounded 
plant tissues together with the excrement of the larva would 
soon make the burrow an undesirable habitation were it not 
that feeding is progressively upward and away. The cater- 
pillars do very little silk spinning, but they do have this ability, 
as a larva collected on July 5 closed the opened end of its 
pupal chamber with a well formed silken web. 
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Length of Larval Life. 

Larval life is approximately 00 days in length. The eggs 
begin hatehing the latter part of April, and by the middle of 
May caterpillars can be found in a number of the earlier stages 
of development. A remarkable uniformity is shown in the 
completion of larval development when this unequal start is 
considered. Larval development in 192N was noticeably 
retarded at the beginning when compared with that of 1920, 
although pupati >n took place about on time. On July 1, 192S, 
many pupa* were collected and only a few larvae were found, 
these being taken in the cells constructed for pupation. On 
July o, 1929, numerous pupae were collected without a single 
larva being found. 


Preparation for Pupation. 

When larval development is nearing completion the spindle 
worms abandon the burrows in which they have been feeding 
and seek the dry and dead .shoots of a former season’s growth 
in which to construct their pupal chambers. An examination 
of such shoots often disclosed that they had been mined out by 
caterpillars in other seasons and that death probably resulted 
from the attacks of the caterpillars. Pupae have also been 
collected from the drv stems of weeds that happened to be 
accessible; and where there was a dearth of suitable locations 
the caterpillars entered the pith exposed at the broken ends of 
old and woody stalks or stems lying prone on the ground. 
It was evident that the caterpillars preferred standing shoots 
when seeking a place in which to undergo transformation. 
The pupae were usually found within two or three decimeters 
of the ground. In one instance a pupa was found nearly a 
meter above the ground and others have been found nearly as 
high. 

There seems to be a definite limit to the hardness and 
thickness of the woody exterior of the stem through which the 
caterpillars will bore to reach the pith. Green shoots were found 
which displayed a number of attempts to bore into them. 
Each place had apparently been abandoned because of the 
resistance offered by the wood. Access to the pith of a dry 
shoot is often gained through an opening left by a former 
occupant. When the pith has been reached the caterpillar 
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mines through it for a considerable distance, more than two 
decimeters in one instance, upward if the stalk is standing, 
packing the dry frass behind it, then turns aside and cuts an 
exit for the moth. A thin layer of the outermost part of the 
stem is sometimes left to conceal the exit, or it may be closed 
by a few bits of frass carelessly placed. In rare instances a 
tympanum of silk had been used, but many times there seemed 
to have been no effort on the part of the caterpillar to close the 
exit. It may be that the pupa uses the protuberances on the 
cephalic end to clear the exit for the unimpeded issuance of 
the moth. The chrysalis is left in the pupal chamber with the 
issuance of the moth. 

In attempting to account for the migration of the spindle 
worms from their feeding burrows in the green shoots to the 
dry stems in anticipation of pupation, the following factors 
were noted. The accumulation of wet excrement in the bur- 
rows, to which is added the moisture resulting from the bleeding 
of the wounded tissues of the host plant, provides an excellent 
medium for the development of numerous organisms of decay, 
and results in a place scarcely suitable for such an insect to 
undergo transformation. It was also noted that in instances 
where the shoots remained green, large knotty growths of 
parenchymatous cells were formed by the plant, apparently 
in an attempt to replace the tissue eaten away, and that often 
the exits left by the caterpillars had partially closed sometime 
before transformation had been completed. The spindle worm 
would be able to remove such an imprisoning obstruction, but 
the pupa would not and the moth would be trapped. 

Length of Pupal Stage . 

The length of the pupal stage was found to be quite variable. 
In 1928 the first moth issued on July 8 and the last on August 1. 
The first moths to issue in 1929 appeared on July 10. Eclosion 
reached its peak on July IS, then gradually fell off, the last 
moth appearing on August 3. In general, the pupal stage of 
A. zece can be said to occupy about 15 days. 

Habits of the Moths . 

The moths remain concealed during the day, secreting them- 
selves in protected places. Their russet and gray coloring 
renders them inconspicuous, especially when hiding among the 
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discolored plant remains of an elder thicket. Activity begins 
with the coming of darkness. The moths are not readily 
induced to take flight during the day but usually drop to the 
ground and remain perfectly quiet. In fact it is possible to 
examine them then, turning them over and about in the hand 
at leisure with scarcely any activity being displayed. If they 
are disturbed during the dusk of evening they will either 
attempt to fly or will scuttle away into hiding. It was learned 
that they would feed on sugar solution. Whether or not food 
prolongs the lite of the adult was not determined. 

Longevity of the Adults. 

Under the conditions outlined the males lived an average 
of 10 days, the fertile females 9 days, and the virgin females 
10 days. A male holds the record for longevity having exceeded 
14 days. 


Oviposition Without Fertilization. 

It was found that the oviposition of virgin females is greatly 
delayed. The preoviposition period of the six virgin females 
\ as o 1 2 days as compared with the 2 l *> day period of the six 
which veere permitted to mate. Virgin females laid fewer eggs, 
an average of 140 eggs being obtained from them as compared 
to 297 from the fertilized females; and the egg masses deposited 
by them contained fewer eggs in the proportion of 12 to 10. 
The virgin females did not cement their eggs so securely in 
place as did the fertile females, nor were they so careful about 
placing them. 


Associated Species. 

Several times larva? of Papaipema sp. were found in burrows 
that had been abandoned by spindle worms when they had 
gone in search of quarters for pupation. The stalk borers had 
apparently commenced feeding where the spindle worms had 
left off. Both the larva? and pupa* of the elder leaf-tier, 
Phlyctaenia tertialis Gn.* were encountered while making these 
investigations. 'Early in June young larva? of this species were 
found feeding on the unfolding leaves of the elder, and were* 
again encountered during the first part of August in pupal 


^Determined by Carl Heinrich. 
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chambers which they had cut in the pith of the dead shoots. 
No evidence was found to indicate that they had been able to 
cut through the woody exterior of the stems, but had reached 
the pith through broken ends or through openings made by 
spindle worms. They had however, constructed their own 
pupal chambers in the pith. A common species of slug, Limax 
sp. } invaded the recently abandoned feeding burrows of the 
spindle worms in numbers 


Natural Enemies. 

An effort was made to gain some insight into the perils 
which threaten the safety of A chat odes zece during the course 


CHART I. 

Known Parasites of Acratoves ze\e (Hvrris) 


Larvae 



Microplitis gortynac* 

Lissonola sp.t \^>Eupleromalus viridescens 

Microbacon lutus^ ><Z ^^Eupteromalus dubiUs * 
Epiurus pterophori 


Achatodes zeae 


Pupae, 



Amblyteles caeruleus * 

A mbly teles brevicinctor * 
Amblyteles scelestus 
A mbly teles con^ignatus 
Ephialtes aequalts* 
Miolropis clisiocampae 
Psychophagus omnivorus* 


of its life. Data gathered would indicate that the chances for a 
full grown spindle worm to become a moth are less than one in 
three. The percentages given below are based on records 
covering a series of 172 specimens in 1928 and 124 in 1929. 
In 1928 about 28 per cent of the population was destroyed by 
Hymenopterous parasites while nearly a fifth of the population 
suffered from the predatory activities of birds. Hymenopterous 
parasites destroyed about 80 per cent of the population in 1929, 
while the activities of birds were not nearly so evident. Fungi 
and bacteria were certainly responsible for the death of many 


*Found at Madison 
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individuals that failed to live beyond the pupal stage, although 
exact information on this is lacking. No Dipterous parasites 
were found attacking the species. Balduf’s statement that 
4 4 any parasites attacking the egg, larva, or pupa need to pene- 
trate more or less woody tissue of the elder to reach the host” 
is not entirely in keeping with the writer’s observations. 


II \ MKXOPiLRA*. 

Microplitis gortynae Riley (Braeonida). 

Of the two species of Hymenoptera found destroying the 
larva? of A. zetc at Madison, M. gortynce was the most important. 
vSpindle worms parasitised by this species appear normal until 
pupation is imminent, when the parasite larva' issue through 
the body wall of the host, death to the host being the result. 
This parasite was responsible for the destruction of nearly 10 
per cent of the specimens of A. zece found. An average of 27 
individuals issued from each caterpillar. The above figures 
agree with those obtained bv Balduf for this parasite. Each 
parasite larva surrounded itself with a tough, ribbed, yellowish- 
wnite cocoon having a reddish cast. Balduf gives a detailed 
account of the issuance of these parasite larva' from their host 
and of their cocoon spinning. He also states that the .spindle 
worms are usually overcome and killed by the parasites in their 
original (feeding) burrows. With few exceptions the individuals 
attacked by this parasite at Madison were found in their pupal 
chambers The adult par" sites did not emerge until late in 
Ma> of the following year. Ilawley ((>) gives an account of 
the manner in which the caterpillars of Gortyna immanis Gn. 
were attacked by the adults of this parasite. His ..ccount 
suggests that the spindle worms may be attacked during their 
wanderings or that their burrows may be invaded by the 
parasite. Microplitis gortyme is also a well known parasite 
of Papaipema larva'. 

About 30 per cent of M. gortynce were parasitised by Euptero- 
malus duhius (Ashm.) ( Pteromalida) in 1928. Specimens of 
this hyperparasite emerged during the middle of July of the 

*The writer wishes to acknowledge his indebtedness to Messrs. Cushman, 
Gahan, and Morrison for their services in securing the determination of the 
Hwnenoptera. 
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same year. Eupteromalus dubius obviously has more than one 
generation a year whereas the host is single brooded. The 
parsite cuts a neat cap from its cocoon in making an exit; 
but the hyperparasite cuts an irregular opening without con- 
sistency as to location. Cocoons of M. gortynce secured in 1029 
did not yield E. dubius. 

Balduf found the closely related species E. viridescens 
(Walsh.) parasitising M. gortynce in Illinois and Ohio and did 
not report E. dubius. 

Lissonota sp., probably brunnea (Cress.) (Ichncumonidre) 

Two of the large brown cocoons of this parasite were found 
in the pupal chambers of A. zccc in 1928. One of these bore 
the head capsule and skin of the host sticking to one end. 
Adults were secured from neither of these, one of them being 
parasitised by E. dubius. Twenty specimens of this hyper- 
parasite issued from the cocoon on August 15. It is interesting 
to note that in this instance E. dubius is a multiple parasite 
whereas it is a solitary parasite of M. gortynce. According to 
Balduf E. viridescens is a multiple parasite of Microbracon 
lutus (Prov.) (Braconidae), a parasite of A. zecc in Illinois and 
Ohio. Another of these cocoons was found in 1929, and on 
July 31 ten specimens of E. dubius issued from it. 

Psychophagus omnivorus (Walk.) (Pteromalkke) 

This multiple parasite did not appear in 1928, but in 1929 it 
issued from 25 per cent of the pupa' collected. While collecting 
on July 14 a female was found in the act of ovipositing in a 
pupa. She had inserted her ovipositor through the con- 
junctiva between two segments of the abdomen. Both pupa 
and parasite were placed in a small bottle which was closed with 
a cotton stopper. On July 29 sixteen female specimens issued 
from the chrysalis. Only females issued from many of the 
chrysalids under observation while some yielded only males. 
An average of 20 females issued from those chrysalids on which 
definite data were secured, while 80 males issued from one. 

Psychophagus omnivorus has also been recorded from pupae 
of the apple-tree tent caterpillar, Malacosoma americana Fab. 
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Amblyteles caeruleus (Cress.) (Ichneumonidzr). 

Over ten per cent of the parasitism of A. zecc in 1928 was due 
to this species. This solitary parasite passes the winter in the 
larval stage within the chrysalis of the host. Specimens over- 
wintered outside by the writer, emerged on June 1 and o. 
Adults confined in a cage with shoots containing spindle worms 
were very alert and shy, dodging for cover with the least provo- 
cation. On several occasions dead and mangled spindle worms 
were found on the bottom of the cage, and although the parasites 
were not observed to do so, it would appear that they had 
killed the caterpillars. The experiment was interrupted without 
observing the oviposition of the parasites. This species has 
but one generation a year, which like that of M. gortynce , is 
nicely adjusted to the cycle of the host. Balduf also reports 
this species as a parasite of A. zecc in Illinois. 

Amblyteles brevicinctor (Say). 

This solitary parasite is represented by one specimen that 
issued from a chrysalis of A. zecc on July 14, 1929. Since this 
cl rysalis was of the 1929, generation it is obvious that the 
parasite has more than one generation a year. This species 
has also been secured from pupae of the European corn borer, 
Pyrausta nubilalis Hubn. 

In addition to the Amblyteles recorded above, Balduf found 
A. scclestus (Cress.) parasitising A. zecc in Ohio and A. lon- 
signatus (Cress.) attacking it in Illinois. 

Ephialtes aequalis (Prov ) (Ichncumonidw). 

Ephialles aequalis is another solitary parasite that was 
secured for the first time in 1929. Two specimens issued from 
chrysalids of A. zece on July 2o and 29 respectively. These 
pupa; were of the 1929 generation so the parasite has more than 
one generation a year. This species is a well known enemy 
of the codling moth, Carpocapsa pomonella L., and has been 
recorded from a great variety of Lepidopterous hosts. 

In addition to the species that have been mentioned, Balduf 
secured specimens of the following parasites from A. zecc in 
Ohio: Epiurus ptcrophori (Ashm.) ( I chneumonid;r) and Mto- 
tropis clisiocampce Ashm. (Eulophidae). 
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DIPTERA. 

Dipterous parasites were not encountered during the course 
of these investigations at Madison. Balduf reports the interest- 
ing habits of Aphiochaeta aleticc (Coins.), a Phorid which he 
found preying on spindle worms that were in a diseased con- 
dition. He reports that the species is a scavenger, the maggots 
appearing to habitually feed internally in the caterpillars, 
utilizing the anal or perhaps the oral opening as a place for 
entrance. 


BIRDS. 

It has been a common experience to find pupal chambers of 
A. zece that had been opened and robbed of their occupants by 
some species of woodpecker. In 1928 evidence was obtained 
which indicated that nearly a fifth of the population had suffered 
from the predatory activities of birds. No indications were 
found that birds had taken larva? from the green shoots in which 
they feed. The activities of birds were not nearly so evident 
in 1929. 


Desc riptions. 

The spindle worm is the most easily recognized of all the 
Noctuid borers. Taxonomists have found that the larva' of 
A. zece present morphological characters of unusual specific 
value. A detailed description of the sixth instar larva has been 
prepared and remarks on other instars relate to that. 

The Egg. 

The egg of Achalodcs zece is circular in cross section, flattened at 
both poles, creamy white when first deposited, by the third day it is 
darker, having taken on a reddish cast which, within a week, deepens 
to a dark amber, and just before hatching becomes even darker. Polar 
diameter .33 mm., equatorial diameter .06 mm. Chorion of equatorial 
area sculptured with shallow somewhat uneven pits that are faintly hex- 
agonal in outline; that of the polar areas smooth, unmarked except for 
the micropyle. The eggs are usually fairly well covered with a trans- 
lucent cement produced by the moth for making them secure. 

The Larva . 

First instar . — Body white, about 3 mm. long. Head about .3 mm. 
broad. Setae proportionately long. Head, cervical and anal shields 
brownish; spines on anal shield not evident; spiracles circular; tubercles 
brownish, III a of abdomen not evident. 
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Second instar. — Body white, about (> mm. long. Head about .() mm. 
wide. Setae proportionately long. Head, cervical, and anal shields 
brownisli -black; anal shield rugose, spines scarcely evident; spiracles 
circular; tubercles brownish, III a of abdomen not evident. 

Third instar. — Body white, about 12 mm. long. Head about 
1.15 mm. wide. Retie proportionately shorter. Spines on anal shield 
well developed; spiracles ovate; tubercles with more impiginentation; 
III a of abdomen evident. 

Fourth instar. — Body white, about 20 mm long. Head about 1.7 mm. 
wide. Appearance very much that of sixth instar larva. 

Fifth instar — Body white to yellowish white, about 25 27 mm long. 
Head about 2.15 mm wide. Appearance that of sixth instar larva. 

Sixth inslar larva.' —Head 2 5 to 2.7 mm. broad. Body averaging 
35 mm. in length and \ 2 mm. in width, cylindrical, of nearly uniform 
width throughout, segments A11I, AIY, AY, and AYI, being a little the 
broadest; posterior extremity spined: skin smooth, general color white 
to yellowish-white; tubercles prominent, elevated, unisetiferous, glassy- 
blackish ; those of segment All 1 circular except where noted : Tubercles 

II elliptical and abou* 1 1 times as far apart as tubercles 1, III dorso- 
ccphaiad of spiracles, Ilia cephalad ot spiracles, IY caudad and a little 
veil trad of spiracles, Y elliptical, vent rad and a little cephalad of 
^piracies, YI dorsad and caudad of YII, YII partially encircle prolegs, 
and YI II very small, located one on the inside of each proleg; tubercles 

III and Ilia on AYIII usually fused, and IY is farther ventrad on 
A' 'll! than on AYII; those of AIX are mostly fused and contiguous 
with the anal plate. 

Head, cervical and anal shields are strongly chitinized, uniform 
glossy black; adfrontal sutures translucent, terminating in the occipital 
foiamen; spinneret conical, exceeding the basal segment of the labial 
palpus, tapering to a truncated tip; anal shield rugose, bearing on its 
caudal margin a row of usually six large upturned spines; rims of 
spiracles jet black, central portions sooty black. 

Legs blackish, bases of cla^ s broadly rounded. Prolegs unmaiked 
except for impigmentation around tubercles VII, about 27 chrochets on 
each of first pair 

Pupa. 

The pupa is russet brown in color, about 17-21 mm. in length and 
4-5 mm. in width; maxillary palpi not present; front drawn out 
anteriorly into two slightly diverging prominent processes that are 
coarsely rugose; clypeus conspicuously protruding ventrad, rugose; 
maxillaj visible to near tips of mesothoracic legs, a little farther caudad 
than spiracle on fourth abdominal segment; antenna* visible almost as 
far; anterior thirds, of abdominal segments 4, 5, 0 and 7 sculptured with 
numerous, irregularly placed, round punctures; the third sculptured 
wnth the same anteriorly on the dorsum; spiracles elongate, oval, 
directed laterally, those of segments 2 and 3 bounded dorsally with 


’See Ellis for figure of sixth instar larva. 
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numerous coencentric sinuate ridges, cremaster well developed with four 
stout divergent spines directed dorsad; posterior surface of cremaster 
coarsely rugose, the rugosity seeming to originate as diverging ridges 
radiating from the caudal end of the anal slit; four stout accessory 
spinules anterior to cremaster directed caudad. 


Adult* 

Forewing russet, mottled with gray, a bright orange spot at apex, 
another near base on inner margin, a third smaller near anal angle; 
bands obscured and wanting, terminal band brownish fuscus, transverse 
posterior band indicated by a double row of fuscus markings on veins, 
median and anterior bands suggested by grayish fuscus mottlings. 
Hind wings yellowish gray. Antenna.' yellowish. Palpi grayish 
fuscus. Face ferruginous to yellowish. Vertex orange. Thorax yellowish 
on mid-dorsum. Beneath yellowish gray, segments of tarsi outlined by 
pale yellowish. 

Male genitalia: Uncus represented by a stout straight spine 
directed caudad and ventrad; gnathos nearly as long as uncus; socii 
short, diverging somewhat, capitate; cucullus and sacculus of harpes well 
differentiated, cucullus about half as wide as sacculus, neck about one- 
third as wide as cucullus; costal hook short, stout, directed toward 
cucullus; aedoeagus without cornutii. 

Alar expanse: Male about 30 mm , female about 33 mm 

The writer is indebted to Prof. H. F. Wilson of the University 
of Wisconsin for the courtesy of reading the manuscript of this 
paper. 


Summary. 

1. The spindle worm, Achatodes zece (Harris), has been under 
observation at Madison, Wisconsin since the spring of 1927. 

2. It is believed that the range of the species will prove 
to be coextensive with that of its natural host plant, Sambucus 
canadensis L. 

3. Data gathered would indicate that while A. zece may be 
considered a potential pest of certain crops in some localities, 
it rarely attacks these in its natural environment. 

4. Detailed observations of the activities of the species 
under natural conditions were made, and were supplemented 
by studies of specimens in confinement. 

5. Achatodes zece has but one generation a year, and shows 
a nicety of adjustment to the seasonal development of the 
host plant. 

♦Holland (7, Plate XXVI) figures the moth in color. 
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G. The overwintering eggs hatch with the coming of warm 
weather and the young caterpillars seek the succulent shoots 
of the elder. 

7. Toward the end of June larval development is nearing 
completion and the caterpillars abandon their feeding burrows to 
seek quarters for pupation in the dry dead shoots of a former 
season’s growth. 

S. Eclosion reaches its optimum by the middle of July. 
Oviposition begins within a few days after the emergence of 
the moth. 

9. The eggs are inserted in close crevices and folds that 
occur in the dead and discolored remains of the host plant or 
in those of other plants in the immediate vicinity. 

10. Data on the longevity, preoviposition and oviposition 
of the adults are given. 

11. Natural enemies found attacking A. ze<r at Madison 
are: Microplitis g ortynce Riley, Lissonota sp ., probably brunnea 
(Cress.), Psychophagus omnivorous (Walk.), Amblyteles caeruleus 
(Cress.), A. brevicinctor (Say), and Ephialtes aequalis (Prov.) 
(Hymenoptera) ; and birds. 

12. Biological notes on the Hymenoptera are included. 

13. Qualitative data obtained indicate that the chances 
for a fully developed spindle worm to become a moth are some- 
what less than one in three. 

14. Descriptions of the various stages of A. zece have been 
written. 
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THE BIOLOGY OF THE BOOK-LOUSE, 
TROCTES DIVINATORIA, MULL* 

O. W. Roslwall, 

Louisiana State University. 


The book-louse, a more or less cosmopolitan insect, was 
definitely brought to the attention of the author several years 
ago by the finding of heavy infestations in corn meal. Samples 
of this infested meal were placed in small wide-mouthed glass 
stoppered jars. After a period of six months or so the jars 
were fairly teeming with book-lice in various stages of growth. 
A careful study of the specimens proved that they were all 
of one species, Troctes divinatoria Mull. This source of mate- 
rial has furnished specimens for the life history studies consid- 
ered in this paper, and the paper is written with special 
emphasis on the use of the book-louse in classes in Entomology. 

All literature perused by the author has not brought forth 
a life history study of the book-louse. All accounts deal 
principally with reports of its presence, classification, economic 
importance, and control measures. References to life history 
of any of the Psocoptera are in regard to the winged forms, 
though H. A. Hagen reports having watched a large colony of 
book-lice in confinement in order to definitely prove that the 
apterous condition was constant. 

The use of the Book-louse in life history studies is very 
satisfactory. Each student is given a mature specimen from 
which to obtain eggs and the following equipment must be 
available : 

A large supply of drop-culture slides; those oi matte finish with bottom 
of cell smooth and not jiohshed are the best. 

Trays to hold slides which are of a size easy to handle. 

Cover slips, size 22 mm. 

Vaseline. 

Com meal; yellow seems to be the most satisfactory as food. 

The book-louse is placed in the cell of a drop-culture slide 
with a few grains of corn meal. Too much corn meal will 
make it almost impossible for a beginner to find the eggs. 

* Identification verified by A. N. Caudell, U. S. Bureau of Entomology. 
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The cell is then covered with a 22 mm. cover-slip held in position 
by a trace of vaseline. As the eggs appear they are placed in 
separate slides and properly labeled. The eggs usually adhere 
to the point of a needle when touched, so it is an easy matter 
to transfer them. The work is best handled indoors, as in the 
case of nearly all life history work, in a room of fairly constant 
temperature. 

Sometimes the work is carried on for quite a while before 
the student inquires as to where the males are. 

Parthenogenesis: After several years of observation on the 
life history of the book-louse the author reached the conclusion 
that parthenogenesis occurs in the book-louse, which fact 



Fit*. 1. Diagram fur plotting life histories of the book-louse. 

makes it more interesting for use in life history work by the 
student. It also makes the loutine work easier. So far the 
author has never found a male book-louse. 

In the experiment the original female, with which the 
experiment begins, is given a number as shown below. Each 
radiating line represents an egg deposited by the female and is 
given a number which is placed at the termination of the line. 
The time of deposition and hatching may be recorded along 
the line. 

Nymphs 15 1 , If) 2 , 15 3 , etc., may be carried respectively on 
the same plan. 

*Eggs: The white, oval-shaped eggs are usually placed 
among or under the meal particles and are rather difficult to 

*A technical description of the egg and nymphal stages will appear in a 
separate paper. 
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find. The rate of deposition changes with the weather con- 
ditions. 

Nymph: The nymphs upon hatching are pure white and at 
this stage, when motionless, are as difficult to find as the eggs. 
After each molt the nymph becomes darker in color and the 
adult is of a light brown color, though the degree of brownness 
varies a great deal. Typically there are three molts requiring 
a period of about thirty days. 

A summary of the tabulated data of life history studies 
carried on during the months of October to January inclusive, 
with temperature ranging from 50° to 87° F., is as follows: 


Tabuation oi Rfsii is 
(Time in Da>s). 


No. ot specimen 

1 

2 

3 

4 

5 

6 

*7 

*8 

*9 

no 

A\ . 

Preoviposition Period 

46 

51 

36 

46 

44 

51 

54 

49 

42 

31 

45 

No eggs deposited 

7 

30 

28 

14 

9 

9 

31 

44 

36 

12 

20 

Av Incubation Period 

19 

20 

20 

22 

27 

25 

21 

23 

24 

11 

21 

Life Cycle 

111 

130 

94 

93 

117 

116 
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Postoviposition Period 

24 

9 

1 

4 

16 

1 




i 

9 


*Dcnoles that adults are still alrw 


For comparison with the above averages, we find that 
averages obtained during the months of June to August 
inclusive, with temperature ranging from (i()° to 9.)° F. were as 
follows : 

Average Incubation Period 6 91 da\ s 

Average Number Eggs Deposited 57 

Average Life C\cle 24 38 da^vs 

The above averages, in comparing the summer months with 
the winter months, show clearly the effect of temperature on 
the length of life of the book-louse. 

During the past year, one female which lived from June 27 
to October 27, deposited a total of 98 eggs. 



JAMES WALKER McCOLLOCH. 


On November 11, 1929, James Walker McColloch, of the Depart- 
ment of Entomology of the Kansas State Agricultural College, died 
at Manhattan, Kansas. 

Professor McColloch was bom at Anthony, Kansas, April 14, 1889. 
While still an undergraduate student at the Kansas State Agricultural 
College he began his entomological work on an appointment as special 
field agent. His investigations, begun at this time (1910) on such 
major pests of field crops as the corn earworm, Hessian fly and chinch 
bug, eventually led to wide recognition of his abilities as a research 
worker. As an example of what his ability and sound judgment meant 
to other investigators in his field, a noted State Entomologist from 
one of the eastern states recently made the statement to the writer that 
“whenever a perplexing problem confronts me upon which 1 seek 
advice from others 1 write to ‘Mac’ and can be assured of sound help 
in his reply. ” 

Upon completion of his bachelor’s work in 1912, he was appointed 
assistant entomologist of the Kansas Agricultural Experiment Station 
and his work on the control of chinch bug and Hessian fly, dust sprays for 
corn earworm and the discovery of the chinch bug egg parasite led to 
his promotion in 1918 to Associate Professor of Entomology and 
Associate Entomologist of the Kansas Agricultural Expeiiment Station. 
His field of endeavor had expanded to include work on soil-inhabiting 
insects — especially wireworms and white grubs, insect ecology, the 
resistance of plants to insect injury, and at the time of his death he was 
carrying on extensive studies of soil insecticides. Along with these 
labors, he found time to do some graduate work and in 1924 received 
the degree of Master of Science. His executive ability was amply 
demonstrated during a two years’ absence of the head of his department 
when he served as Acting head of the Department and State 
Entomologist, a service which led to his appointment, in 1920 , to the 
rank of Full Professor. 

His many publications indicate the wide variety of interest ne had 
in his chosen field. His scientific papers, circulars and bulletins are 
real contributions to entomology and many are widely quoted. Some 
of his outstanding papers are those on the chinch bug egg parasite, life 
history studies of the false wireworms, resistance of wheat to Hessian 
fly injury and his bulletins and circulars on the chinch bug and Hessian 
fly. His Kansas bulletin on the Hessian fly is the most comprehensive 
work on the subject that we have had in recent years. He loved to 
write and his critical ability led to editorial duties. At the time of his 
death he was Editor of the Bulletin of the Kansas Entomological 
Society. He was sectional editor for Biological \bstracts; was serving 
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on the editorial committee of the Kansas Agricultural Experiment 
Station and a member of the advisory committee of the Journal of 
Economic Entomology. In addition to his writing ability, he was a 
forceful speaker, one of the few research workers who could get his 
ideas across to farmers. 

He was an ardent worker in the American Association for the 
Advancement of Science, American Association of Economic Entomol- 
ogists, Entomological Society of America, Kansas Entomological 
Society, American Miseroscopical Society, Ecological Society of 
America and the Kansas Academy of Science. He was a member of 
Sigma Xi, Phi Kappa Phi, Gamma Sigma Delta, and Alpha Zeta. 
He took an active part in the conference of the North Central States 
Entomologists and the Rocky Mountain Entomological Conference. 
In all of these he demonstrated by his activities his earnest effort to 
promote the utmost co-operation among entomological investigators. 
The loss of his stimulating influence, friendship and helpful advice is 
inestimable and American economic entomology will miss him keenly. 

— Wm. P. Hayes 



PROCEEDINGS OF THE TWENTY-FOURTH ANNUAL MEETING. 


Des Moines, Iowa, December 28th to 30th, 1929. 

The Twenty-fourth Annual Meeting of the Entomological Society 
of America was held at Des Moines, Iowa, December 2X, 20 and 30, 1029. 
The program included an unusual variety of topics and many valuable 
contributions to our knowledge of insects. The attendance ranged from 
7b to 1 50, with a total approximate attendance 1 of 21b entomologists. 

The Annual Public Address was delivered by Dr Win. M. Mann, 
and was attended by 300 entomologists and others interested. The 
symposium was also very successful. The topic, “ Important Con- 
tributions which America has made of the Study of Insects,” was 
exceptionally well handled by C. E. Mickel, 1). M. DeLong, W. P. 
Haves, E F. Phillips, S A. (iraham and Arthur Gibson 

Opening Session, Saturday Morning, December 28th. 

The Society was called to order at 10:1b A. M. by President Brues, 
in the Ball Room of the Savory Hotel, Des Moines, Iowa. Attendance, 

I 70. The following papers were presented: 1 

1 Tin 1< nod o( Insists- View id irom the Biological rm<l Human Standpoint. 

C. T. Bri i s, Bussc\ Institution 

2 Another Season’s Trap-lighting ol Leafhoppus Pui B.L\\w>\, Uimersity 

oi Kansas 

o Diagonflv Collecting in China 1 0 Niiuuwr, Cornel! Uni\ersit\ 

4 'On tin* Isolation, Cultivation and Clnssiticat ion oi the so-« ailed “Ssmlnont” 
oi “Ru kc itsia” oi Pi nfdaneto unvrmnui R W Gi \si k, Rot kefeller 
InstiluH 

b K( \ to Known Pupa oi Genus Cali ndra with Host Plant and Distribution 
Notes A P S\i ii kiuw \n, I T S Burt au of Entomolog\ . 
f> An OD ure Suphid Diltt n ntiaU d 1 >\ its Larval Charaetenst its. C. L. 
Mi it \i i , l T n<\ ( isit\ ol Illinois 

7 ’Two South Ann ru ,tn Palm Briuhids. E. A Bt uk and I< T. Con ox, U. S. 
Bmeati of KiPomoloev 

s 'beat M 'lit rs of Atiuiliyia, with Dest ti]itions ol Niw Spteits. S W Frost, 
Ah ndts\ die, Pa 

9 ' NoU**- on l T tan Aphidida (ho F Kxowi ion, L tali Aeritiiluiral E\pti iment 
Station 

10 HPohig of FtanUimt lla fu\m Hinds (Th\ sanopteia) C O. Eom nd E. M. 
hi \ i \(.s iom , Cltmson College 

II The Biolog\ ol tlu Book louse (> W. Rost w Vi i , bom si ana St th University. 
12 Conti i l>u turns to a Knowledge ol tile Spmtllt Worm, Aiholodes c me Harris. 

E P Bri- vkt v, Wistonsui Department oi Agneulture 

The following committees were appointed by President Brues: 

\ninmaiino Comimttei - J. G Niidiivu, Chairman; Arihi r Gibson, 
G A r M \\ 

Uulihnt* Committee — C. R Crosbv, Chairman, W. S llms, C. K Mk ki*l. 
^solutions Committee— E. I) B vli , Chairman; C. L. Mi k \i i , C. P. Gimeiie. 
S penal Committee on Nomnulnture Tin o. D. A. Cot Kt Km , Chairman; 
J. M. Sv vim ,11 II. Kxn.in. 

f Papers indicated hv an asterisk ( + ) not r *ad 
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Second Session, Saturday Afternoon, December 28th. 

The Society was called to order at 1:45 P. M. Attendance, 125. 
The following symposium was presented: 

IMPORTANT CONTRIBUTIONS WHICH AMERICA HAS MADE OF THE 


STUDY OF INSECTS. 

1. Taxonomic C. E. Mickel 

2. Biological D. M. DeLokg 

3. Morphological W. P. Haves 

4. Physiological E. F. Phillips 

5. Ecological S. A. Graham 

6. Economic Ah i her Gipson 


The following paper was presented: 

13. Nesting Habits and Parasitic Relationships of Wild Bees. G. P. CrsriSR, 
State University of Iowa. The paper was followed by two reels of moving 
pictures. 


Third Session, Sunday, December 29th. 

Members of the vSociety went to Ames, where they inspected the 
entomological facilities of the Iowa State College and listened to an 
interesting talk by Prof. Herbert Osborn on entomologists of the middle 
west. 


Fourth Session, Monday Morning, December 30th. 

The Society was called to order at 9:30 A. M., in the Assembly Room 
of the Savery Hotel. Attendance, 100. 

The following papers were presented: 

14. A Contribution of the Knowledge of the Life History of Brcmus ameruanorum 

(Fabr.) (Hymenoptern b T. H. Prison, University of Illinois. 

15. The Biotic Constants ol insects. R. N. Chapman, University of Minnesota. 

16. An Analysis of Metamorphosis in Insects. C. II. Kennedy, Ohio State 

University. 

17. "‘Nutrition of Certain Wood-Boring Insects. Neliik M. Payne, University 

of Pennsylvania. 

18. Dormancy in Reduvius personatus (Linnaeus). P. A. Readio, University of 

Kansas. 

19. Insect Excretion “Studies on the Malpighian Tubules. R. A. Mi iikowski, 

University of Detroit. 

20. The Hypodermal Glands of the Black Scale, Saisscla olca (Bernard) Wm. S. 

Marsh \li , University of Wisconsin. 

21. The Postembryonic Development of the Antenna? of Certain Pauronictabolous 

Insects. F. L. Campbell, U. S. Bureau of Entomology. 

22. Tracheal System of the Larva of the Rice Water Weevil (Lissorhoptrus 

simplex ). Dwiohi 1 ski. y and II. II. Sciiwardi. 

23. Tarsal Claws of Noetuid Larva*. J. H. H ywkins, Maine Agricultural Experi- 

ment S tat ion. 

24. The Beginning Course m Entomology. Si \nlky B. Freeborn, University of. 

California. 

25. Why do we Study Insects? E. P. Feet, Bartlett Research Laboratory. 

Fifth Session, Monday Afternoon, December 30th. 

The Society was called to order at 1 :45 P. M., in the Assembly Room 
of the Savery Hotel. Attendance, 75. 
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The following papers were presented : 

2(5. Early Work and Workers in American Homipterology. Hkrhkki Ommirn, 
Ohio State 1 University. 

27. Entomology Around the World. T. 1). A. Oxkrkhi., University of 
Colorado. 

2<S. Rearing and Contact Insecticide Tests on Ilousellies. Gh). L. H<kkln\o.s, 
University of Illinois. 

29. Some Erythroneura of the Oliliciua Group (Ilomopteni-Cicadolhchci. R. II. 

Beamer, University of Kansas. 

30. An Unusual Nest of Vespa. H. B IIrN(»ERi«oRD. University of Kansas. 

31. *Heic and There in European Museums. H. B. Hrxc.i* rmird, l T m\e r sity of 

Kansas. 


The Annual Business Meeting followed the reading of papers, as 
follows : 


REPORT OF THE SECRETARY. 

Previous to July 1, 1929, the following, having been duly nominated and 
recommended, were elected members of the Society bv mail ballot of the Executive 
Committee: 

H. C. Atwell, 101 Court house, Portland, Oregon. 

Clinion J. Bushey, Olivet College, Olivet, Illinois. 

Rodney Cecil, Agricultural Experiment Station, Geneva, N. Y. 

S. M. Ckndana, Agricultural College, Laguna, P. I. 

Donald DeLeon, Forest Insect Field Station, Coeur d’Alene, Idaho. 

Miss Irene D. Dobrosky, 10SG N. Broadway, Yonkers, N. Y. 

Delbkri L. Moody, Department of Zoology, Ames, Iowa. 

Jean Piait, 344 Northern Ave., Indianapolis, hid. 

S. Alberi Siiaw, Hamilton, N. II. 

Frkderik J Spreioi, P. O. Box 277, Sumner, Wash. 

Nobuyoshi Tozawa, Komatsuhora-cho 62, Kitaku, Osaka, Japan. 

C. W. Wurster, 15 West Eleventh St., New York, N. Y 

With the approval of the Executive Committee, Dr. Wm. M. Mann was invited 
to give the annual address of the Society at the Des Moines meeting. It was also 
decided to hold a symposium on the subject, “Important Contributions which 
America has made of the Study of Injects.” 

Dr. C H. Richardson kindly consented to act as chairman of the Committee 
on Arrangements for the Des Moines meeting. 

The Executive Committee met at 5:00 P. M., December 2S, m Room 402, 
Savcry Hotel, the following mom >ers being present: C. T. Bki FS, H. B. lit nc.i* R- 
I'OkD, C. H. Kennedy, W. A. Killy and j. J. Dams; also the tollowing appointed 
to act for those members not present: Wm. S. M arsiiyli , C. L. Mi- k \i I , Arihi R 
Gibson, G. A. Devn and F. C. Bishopi*. 

The following were Heeled to membership: 

L. D. Anderson, 1621 Edgehill Road, Lawrerce, Kansas. 

O. S Byre, 1535 N. Thirty-second Si., Lincoln, Nebraska. 

Wm. Dfllis Bm)\rd, 334 Clairmonte Avis, Syracuse, N. Y. 

Li ( jen Bkrland, sous-ebreeteur du Laboratoire d’entomologie an Museum 
d’Histoire Naturelle, 45 rue de Buflnn, Paris V<‘, France. 

Marion W. Boesm , Zoology Department, Miami University, Oxford, Ohio. 

Mylos F. Bowen, 441 N. Fifth, East, Logan, Utah. 

Tom A. Brindley, Science Bldg., Iowa Stab* College, Ames, Iowa. 

Fred D BuK7IER, Extension Service, I^wa Agricultural College, Ames, Iowa. 

Loris Cerny, 1001 West HdK Pk\ .. Lawrence, Kansas. 

John F. Chris iensen, WellsvilU*, Utah. 

Donald L. Com ins, 144 Pultenev St., Geneva, N. Y. 

James G. Conklin, Department ol Entomology, (). S. U., Columbus, Ohio. 

Clarence Pllli.es Cisier, University Hospitals, Iowa City, Iowa. 
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Mkrrii.l M. Barley, 473 Fourth Arc., Salt Lake City, Utah. 

E. Hoyt DeKi.eine, 201 1 Tilck-n Gardens, 3000 Tilden St., K. W., Wash- 

ington, D. C. 

Howyrd Dorst, 925 Indiana vSt., Lawrence, Kansas, 

Craig W. Eygleson, B. & Z. Bldg., Ohm Slate University, Columbus, Ohio. 
John Harwood Ey yns, 502 West Illinois St., Urbana, 111. 

Neyl E. Evans, 1201 Tennessee St., Lawrence, Kansas. 

IIowyrd Emerson Gi iiirie, 2644 Lincolnway, Ames, Iowa. 

Kenneih A. Hyines, Department of Entomolog\ , Ohio State University. 
Columbus, Ohio. 

F. H. Harries, 473 Fourth Ave., vSalt Lake City. Utah. 

Niciioi as W. Hyieikld, 3302 E. Fall Creek Bhd., Indianapolis, Ind. 

Paul E. Hering, Department of Biology, Renstllaer Polv. Institute, Tro\ , 
N. V. 

Edgar Herr, Ohio Agricultural Experiment Station, Oak Harbor, Ohio. 

Wm. A. Hiesi ynd, Biology Bldg., Wisconsin University , Madison, W’s. 
Alexander C. IIodson, Zoology Department, University of Minnesota, 
Minneapolis, Minn. 

Elmer C. Hudson, 48 Sherwood St., Roslmdale, Mass. 

Clarence Hoi-eman, 1133 Rhode Island St., Lawrence, Kansas. 

Edward Wylie y Jones, Department of Entomology, University Farm, St. 
Paul, Minn. 

Chesier B. Keck, Box 491, Orlando, Fla. 

Earl Loii, A. & M. College, Miss. 

Annie Lyi rle McCi a.naiian, Box 184, A. 8c M. College, Miss. 

H. Ei L ion M( Clerk, 925 W. Wood St., Decatur, ill. 

Edw. R. McGovran, Department of Entomology, Iowa State College, Anus, 
1 own . 

William D. McIlroy, 192 Prospect Ave., Ingram, Pa. 

Harlyn B. Mills, Science Bldg., Ames, Iowa. 

Dudley Moelion, 149 California St., San Pram iseo, Calif. 

Pail Oman, 925 Indiana St., Lawrence, Kansas. 

Andre Aidym, Department of Entomology , Kansas State Agriculture 
College, Manhattan, Kansas. 

Hyrold Peiers, 1709 Louisiana vSt., Lawrence. Kansu*. 

Arihi r M. Phili ies, Box 2080, Orlando, Fla. 

Grieein L. Phiiiips, Bald\\\ii, Miss. 

Lint’s B. Rei d, Box 415, Picayune, Miss. 

Henry H. Rkhyrdson, Science Bldg., iowa State ColVge, Ames, Iowa. 

Mer kill F. Rii.ey, 2535 B East Marion Rd., Honolulu, Hawaii. 

K\y t Sykimi ka Greenwood, Utah. 

Cyri. Theodor Siiimidi. Division of Entomology, Unnersity Farm, St. Paul. 
Minn. 

Herman St itroedek, 1336 Vermont vSt., LaY\rencc, Kansas 
Lyi re l Seiiy, 1743 Louisiana St./ Lawrence, Kansas. 

Giimeri Siiyyv, SOS Alabama St., Lawrence, Kansas. 

Wesiey E. Sill’ll , 121 Almon St., Moscow, Idaho. 

Pe.re/ Simmons, 712 Eh/abeth vSt., Fresno, Calif. 

Archie Nokyjyn Soldi- rg, 1307 Thirteenth St., North, Fargo, \. Dak. 

IIenry A. Siahk, Department ot Zoology, Louisiana State University, Baton 
Rouge, La. 

John Benjamin Sieinyyi.de n, 149 California St., R. 420, San Franeisto, Calif. 
L. LyGrande vSiiri ynd, Providence, Utah. 

Edwin Syyoim,, 730 Kentucky St., LaYYrenee, Kansas. 

Raymond Leech Tyylor, Maine Forest Service, Bar Harbor, Maine 
Jymks R. Thomson, Box 445, Fort Valley, Ga. 

Y. II. Tsoi , Bureau of Entomology, Hangchow, China. 

Leonard L). Ti mull, 246 E. Thirteenth St., Baxter Springs, Kansas. 

Henry Thomys Vynderiord, A. 8c M. College, Miss. 

RoiihKi Emerson Wyi.i , 1506 Raymond A\e., vSt. Paul, Minn. 

R. M. White, Trcesbank, Manitoba, Canada. 

Don yli) Alden Wii in r, Entomology Department, Kansas State Agricultural 
College, Manhattan, Kansas. 
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(iM)K('iK V \ n Wji.hv, North Dakota Agricultural College, Fargo, N. Dak. 

IIomkk C. Will, I3t»pt . of Zoology, University of Pittsburgh, Pittsburgh, Pa. 

Total new members, SO. 

The following members ha\c died during the \car: 

Edwin E. Cvldi-r, January, 1020. 

Wai/ilk M Gii-ivkd, June' .‘50, 1020. 

Fr\nk M. Gihson, September 2-1 , 1020. 

J. W. McColkx’II, November 11, 1020. 

The following members have resigned during the year: 

Lloyd Ackerman, W. D. Edmondson, II. L. Faekler, W. H Goodwin, Win. A. 

I lari'ii. Marshall Hertig, S. Arthur Johnson, Wm. Middleton E. Morteiisen, E. R. 
Sasseer, Nina (T Spaulding, Geo. W. Still, 13. W. Wells, and J. E. Williams. 

The following members were elected to fellowship: 

C. F. Adams, A. O Baker, A. C. Roving, P. W. Claas*>en, (\ R. CroM.v, T. 11. 
Prison, W. P. Hayes, W. B. Ilerms, E. P. Phillips, and S. A. Rolnver. 

J. R. de la Torre Bueno, on payment of $50.00, was transferred to life 
membership. 

Moved and seconded that the select ioi of members of the Editorial Board of 
Annals to succeed R. W Donne, J. A. G. Rehti and II. E. Ewung, be Jett in the 
hands of C. H. Kennedy and JR Tort Osborn, Carried. Members selected are 
W. B. Ilerms, R. E. Snodgra: •* and P. P. Calvert. 

Moved and seconded that If. E. Ewing and P. B. Lawson be elected to member- 
ship on the Thomas Say Foundation Committee to succeed J. C. Bradley and 
Aitliur Gibson. Motion carried. 

Moved and seconded that, in the case of nomination of foreign numbers, the 
advance payment of dues be waived, provided that membership in the Society be 
withheld until the payment of such dues. Motion carried. 

Moved, seconded and carried that a memorial of the lat< J. W. McColloch 
be pubhshed in the Aw u s. 

Voted to recommend to Ihe Society that it support tlx Zoo'ogical Record 
I t I lie* eominc vear to t lie extent of #25.06. To t his amount , Tlieo I) A. Cockerell 
added So 00, making a total ot 850.00. 

Voted to accept the invitation of the National Research Council to member- 
ship and representation in the Division ot Biology and Agriculture of the Council. 

Arthur Gibson was asked to present to the Fourth Empire Imperial Bureau 
Coii'erenee, greetings from the Society. 

A lommunuation irom the Nahmial Committee on OaPndar Simplification 
\\;i i laid on the table without action. 

The E\eeuti\e Committee adjounied at 7:(X) P. M. 

ReSpeetfidl\ submit ted, 

J. j. Davis, .SVv rclary. 


On motion the Secretary’s Report was accepted. 

REPORT OF THE TREASURER. 

CURRENT FUNDS. 


kicc inns. 

Balance, December 28, 1928 (See Annals, XXII, p. 150; $2,050.45 

Prom Annual Duos of Members to December 10, J929. 2,100.97 

Prom Managing Editor of thoAwxis 1,625.09 

One Life Membership . . 50 00 

Interest on Savings Account, July 1. 1928, to July 1, 1929 124.41 

Interest on Liberty Bonds 15.48 


Total . . .... $5,976.00 
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EXPENDITURES. 


Exchange on Canadian Checks (Check 72) $ K5 

Stamps (Checks 73, 75, 77, 90) 25 25 

Stamped Envelopes (Checks 81, 84, 88) 65 56 

Lafayette Printing Co., 1928 Programs (Check 74) 33 00 

Lafavette Printing Co., Letterheads, Blanks, 1929 Programs, etc. 

(Checks 76 and 93) 70 75 

Spahr & Glenn Co., Printing Annals for December, 1928, March, June 

and September, 1929 (Checks 78, SO, 85, 91) 2,999 95 

Clerical Services (Checks 79, 82, S3, 87, 89, 92) 71 SO 

C. II. Kenned v, Etching Paid by S. W. Frost (Check 86) 3 62 

Transferred to Permanent Fund for One Life Membership 50 00 

Interest Transferred to Permanent Fund 139 SO 

J. J. Davis, Cash Payments per Attached List (Check 94) 5 31 

Total 83,465 98 

Balance, Cash on Hand, Purdue State Bank, December 10, 1929 2,510 02 


LIABILITIES. 


85,976 00 


The Society owes the publishers for the December, 1929 ( Annai.s and a few 
miscellaneous expenses, and $1,086.00 of the above cash receipts are 1930 dues. 


PERMANENT FUND. 


Liberty Bonds (Annai.s XXII, p. 150) . $ 350 00 

In Purdue State Bank (Annai.s XX i I, p. 150) 1,850 00 

One Life Membership (J. R. de la Torre Bueno) 50 00 

In t (Test on Savings 139 89 


Total $2,389 89 


RESOURCES. 

Liberty Bonds $ 350 00 

Savings Account , Purdue State Bank 3,486 96 

Bakmce in Cheeking Account, Purdue State Bank . .. 1.062 95 

Total $4,899 91 

R esj jcctfudy sul >mi 1 1 ed , 

J. J. Dwis, Treasurer. 


REPORT OF COMMITTEE ON INSECT COLLECTIONS IN 
AMERICAN MUSEUMS. 

In continuation of the plan of recent years requests were sent to about 60 
different institutions where insect collections were maintained, with requests 
for information concerning recent additions and items of interest concerning 
collections, and where no previous report had been made, for a summary of the 
principal features of the collection. 

Reference to previous reports with these additions gives us a quite compre- 
hensive survey of the status of the principal collections for the United States and 
Canada. 

United States National Museum: Dr. J. M. Aldrich, Associate Curator of 
Insects, furnishes the following statement: “The principal addition of the year 
has been the collection of- the Brooklyn Museum of Arts and Sciences, reported in 
the Annals last year on page 155. This has been deposited here on account of the 
decision of the directors of the Museum to use all their facilities for educational 
work. We received just about what is listed in the Annals cited, something over 
100,000 specimens, with types of approximately 1100 species. Other additions of 
noteworthy size and interest include 900 Lepidoptera from New Zealand, received 



1930] Proceedings of the Twenty-fourth Meeting 203 


from Dr. Alfred Philpot; 500 Microlepidoptera from Jeane D. Guilder, Pasadena, 
California, 5,000 South American beetles, from G. L. Harrington, Argentina; 
over 2,000 Asiatic wasps and over 10,000 miscellaneous insects from the Bureau 
of Entomology; over 50,000 miscellaneous insects from George D. Dimmock, 
Springfield, Mass.; 5,000 beetles from L. L. Buchanan of i lie Bureau of Entomologv ; 

2.000 Siamese insects from Dr. Hugh M. Smith, Bankok, Siam; 15,000 miscellaneous 
insects from China, collected by D. C. Graham. In addition, the Museum has 
recently received a large shipment of approximately 50,000 specimens which have 
not yet been accessioned; 2,000 Diptcra of northern Europe, collected by nnsell; 
a growing number of outside entomologists make a practice of depositing their 
types here.” 

The American Museum of Natural History: During the past war The American 
Museum Collection of Insects has been enriched bv specimens collected on expedi- 
tions to tropical America. The more important ot these being the Tyler Dm da 
Expedition, 3100 specimens; Lee Garnet Day Mt. Rorairna Expedition, 1100 speci- 
mens, and the Museum Expedition in the Panama Canal Zone, 7500 specimens. 
Our largest single donation consisted of a collection of more than 1000 named 
Diptcra received from the Canadian Government, Department of Agriculture, 
through kindness of Dr. J. McDunnough. In addition to the above we haw 
received numerous smaller lots of specimens which would make a total of nearly 

20.000 specimens added to our collection during the year 1020. -Frwk E. Li i/ 

Museum of Comparative Zoology: The principal additions during the Near 

have been a collection of insects and arachnids made by Frank Werner in Algeria 
and Morocco, largely named and including a few tvpes of Werner, and the la rye 
collection of myrmecophilous insects presented by Dr. W. M. Wheeler. Mr. 
Fairchild coPeeted about 1,000 insects in Florida and the curator as many localb . 
With the aid of T. II. Hubbcll, the United vStates Orthoptera have been arranged. 
The most important event was the accession of 1,000 new boxes.— N uh\n Bwks. 

Boston Society of Natural History: In connection with some work preparatory 
to celebrating the one hundredth anniversary of the Society in 1930, a census ot the* 
New England collection of insects was made*. The result showed 10,043 determined 
.>peeies and varieties, represented by over 62,800 specimens. The above figures 
include about 550 types, but do not include the Harris collet lion, containing about. 
4660 species (including 140 types) and 9750 specimens, nor, the exhibition scries 
contained in 64, 24 x 30 inch, glass-covered cases. — Cn\s. W. Johnson. 

Massachusetts Agru ultural College: The development during the last twelve 
months has been only that of such normal increase as might be* expected, with the 
exception of a valuable donation ot named Coleoptera from Mr. 11. L. Frost <>| 
Framingham, Mass. No other important gifts or collections of any size have been 
added to the department, but the Colooptera have been very Jargeh rearranged 
and many new species worked ir<o place. — II. L. Fernald. 

Bureau of Plant Industry, Harrisburg, Pa.: The insect collection consists ol 
about 50,000 specimens, representing approximately 10,000 species. The majontv 
of these are Pennsylvania insects; the orders Colooptera, Diptcra, Lepidoptera and 
llymcnoptera are the best represented. The collection of pinned specimens is 
contained in modern cases similar to those ii«ed in the United States National 
Museum. The slide material and alcoholic collection are not so well represented. 
No intensive taxonomic work, extensive collecting or additions have been 
attempted during the past year but the collection is well eared for and preserved 
for general use. -R. H. Bkli.. 

Agriculture Experiment Station , Nnva r k , Delaware: The insect collc< tion 
includes a wealth of undetermined material representing many groups, the result 
of collections from 1889-1X99 by G. Harold Powell, from 1900 1902 bv E. Dwight 
Sanderson, 1903-1925 by C. C. Houghton and from 1925-1929 by IL L. Dozier. 
The determined material comprises some 800 speeics of Coleoptera, a smaller num- 
ber of Lepidoptera and Diptcra and a series of the economic insects ot Delaware 
arranged according to host plants for classroom use. At present th** entm col- 
lection is most inadequately housed in the Department of Biology. Were facilities 
available for its determination, arrangement and display, it would constitute an 
excellent exhibit of the insect fauna of the state.- L. A. Silnkns. 
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The North Carolina State College of Agriculture and Engineering: Our collections 
during the past year have been enriched by considerable additions from Cuba, 
Mexico, Central and South America and Eastern South Africa. — Z. P. Metcalf. 

Alabama Polytechnic Institute: The collection is being transferred from the 
old style glass top insect trays to Schmidt boxes, some 120 boxes having been 
added to the insect museum" this past year. There are approximated 20,000 
specimens in the collection. Since July 1, 1929, Dr. Henry G. Good has been giving 
approximately one-fourth time to building up the insect collection, rearranging, 
and determining much of the unidentified material. The cataloging and counting 
of determined specimens has not been completed. — J. M. Robinson. 

State Plant Board of Mississippi: During the past year Dr. C. E. Mickel has 
named and returned to us a number of specimens of Mississippi Mutillidce. Among 
them were several new species, the types of which have been incorporated in our 
collection. Dr. M. R. Smith has continued the systematic study of the ants of 
Mississippi and reports that he has 120 species that have been collected in the 
state. About 5 per cent of them are new species that have been described and the 
types are in our collection. Mrs, Gladys Hoke Lobdell has continued her system- 
atic studies of the scale insects of Mississippi and has described a few new species, 
the types of which are in our collection.— R. W. Harned. 

University of Nebraska: During 1929 the insect collection at this University 
received no very important additions, but did receive considerable attention 
along the line of improvement by rearrangement. Mr. O. S. Bare made con- 
siderable progress in rearranging the Coleoptera to conform with Leng’s check 
list. A collection of South American Bembecid wasps sent to the U. S. National 
Museum in 1926 was identified by Dr. J. B. Parker and returned, including the 
allotype and several paratypes of Trichostictia bruneri. The collection of Formi- 
coidea was named and rearranged by Mr. Bare, and the collection of Vespoidca, 
exclusive of the Mutillidae which had been arranged by Dr. Mickel previously, 
was named and rearranged by Mr. Raymond Roberts, Instructor in the Depart- 
ment of Entomology.— Myron H. Swenk. 

Kansas State Agricultural College: Dr. Warren Knaus, who donated, several 
years ago, to this institution his large collection of Coleoptera, is now devoting 
his entire time to the reclassification and final arrangement of the insects before 
they are placed in the museum at the Kansas State Agricultural College. During 
the 47 years that Doctor Knaus has been collecting and studying beetles, he has 
brought together one of the greatest collections of the Coleoptera. No doubt 
it is the greatest collection of beetles in the Southwest. It contains more than 
100,000 specimens representing about 10,000 species. More than 100 of them are 
new species taken by Doctor Knaus. Some of these new species are not found in 
any other collection.— Geo. A. Df\n. 

Colorado State Agricultural College: The insect collection was started when 
the writer took charge of the Department of Zoology and Entomology in the 
spring of 1891. The plan has been through the years, first; to get together as 
representative a collection as possible of the insect iauna of the state and second; 
to make as complete a collection as possible of special groups ujx>n which members 
of the department might be working. Most of the collecting during the past 
15 or 20 years has been in these special groups. A summary of the collection 
shows 9586 species.— C. P. Gillette. 

University of Kentucky Experiment Station: Collections of insects consists 
of over 52,000 pinned sj>eeimens kept in Schmidt or similar boxes and these in 
turn are inclosed in glass-front sectional cases. The approximate number is 
52,385 specimens. — M. L. Didlake. 

Louisiana State University: A note from Professor W. E. Hinds states that 
1 ‘Arrangements are under way by which the C. H. T. Townsend collection of 
Diptera, containing especially large numbers of species of Taehinidas, will be 
deposited by the Peruvian Experiment Station to which it belongs, in the U. S. 
National Museum in the near future. This disposition of this collection is made 
so that it may be made available for workers in Diptera who may be interested in 
it and will be safely cared for. It may be recalled to Peru in the future if that 
seems advisable.” 
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State College of South Dakota: All collections are housed in the Entomological- 
Zoological Building. The collections from the State of South Dakota are excel- 
lent and fairly complete for most orders. Especially noteworthy is the collection 
of Orthoptera. This collection includes more than 125,000 pinned, named speci- 
mens. While the majority of these specimens were taken from the Great Plains 
States, the collection is also fairly complete for the states east of the Mississippi 
River, and for Oregon, Washington and British Columbia. In addition, the 
collection of Orthoptera includes many hundreds of species from Africa, Europe 
and Asia. The Truman collection of Lepidoptera and Coleoptera is now the 
property of the State College of South Dakota. This collection is made up of 
materials collected principally in the United States, Canada, Mexico, South 
and Central ’America, and the British Isles. While collections contain some 
types, w*e plan to present these to the U. S. National Museum in the near future. 

— H. C. Severin. 

Cornell University: We note the following additions to our material, only 
the first item of which may be considered of very great importance. 1. A large 
collection of Chinese Odonata, including types. 2. An unstudied collection of 
Peruvian Hymenoptera. 3. Extensive collections of Scoliidae, chiefly from Java 
and South America.— J. Chester Bradley. 

Experiment Station of the Hawaiian Sugar Planters' Association Honolulu , 
Hawaii: The collections of local material contain practically all of the species 
of the lowlands and cultivated districts and besides a fairly good representation 
of the native insects of the mountain forests. These are chiefly in cabinets con- 
venient for ready reference or study, and are continually being added to. Of 
foreign material, there is a large accumulation of Hymenoptera, Coleoptera, 
Diptera, Heteroptera, Homoptera, Lepidoptera (and lesser quantity of some 
other orders) secured by the entomologists of the Station while travelling in 
various foreign countries on parasite research work. These are largely from 
Australia, Malay Islands, Philippines and South America. The most of this 
material is stored in about 600 Schmidt boxes and has not been worked up and are 
arranged in a large cabinet. There arc several himdred types. The Hemiptera 
are practically worked up and arranged in a few cabinet drawers. The wasps are 
partially worked up and occupy more than 50 Schmitt boxes. There is a large 
Coccmellid collection (over 20 boxes) the collections of the late Albert Koebele 
during the time that he was engaged in the introduction of beneficial insects into 
Hawaii. They are chiefly from Australia, Fiji, China, Java, Japan and Mexico. 
The Harford collection of American Coleoptera which had been acquired by 
Mr. Koebele is contained in 82 boxes on our shelves. We have also a collection 
of all boxes of named California Coleoptera collected by the late Mr. W 7 . M. 
Giffard. The latest addition to the collection is the extensive collection of 
Cureulionidae of the world brought together and worked up during the life time of 
the late Dr. David Sharp of England. This collection of Cureulionidae occupies 
about 100 large-sized insect boxes, mjiny of them double boxes. Altogether there 
are many thousands of specimens. No estimate has been made of them. There 
are over 1000 types chiefly in Fulgoroidea, Heteroptera, and Parasitic Hymen- 
optera. — O. H. &WEZEY. 

Illinois State Natural History Survey , Urbana, Illinois: Although the collection 
has not been enlarged by any notable gifts during the past year, the insect collection 
of this institution has continued to grow. During the past year special attention 
has been devoted to the building up of the collection of plant lice, stoneflies and 
sawflies. Over 5,000 slides of Illinois species of plant lice made from live material 
were added to the slide series, making a collection now of over 10,000 slides in 
this family of insects. The collection of Plecoptera, or stoneflies, was increased 
by the addition of some thousand specimens of immature and adult insects which 
have been preserved in fluid. Our collection of sawflies was considerably aug- 
mented by the addition of much new material belonging to the genus Dolerus. 
Approximately 2000 pinned specimens of various groups were added to the general 
collection from various sources. — Theodore H. Prison. 

Committee: Herbert Osborn, Chairman , 

C. W. Johnson, E. C. Van Dyke, 

J. G. Needham, Nathan Banks. 
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REPORT OF THE MANAGING EDITOR OF THE ANNALS. 

I wish to report that the Annals has been fortunate this past year in the 
quality of the articles submitted for publication, in the help given for special 
illustrations and in the receipt of a grant of $500.00 from the National Academy of 
Science. The annual volume now approaches 800 pages and will probably be as 
large in 1930. Ample material is in hand for the March issue and also articles for 
the June, 1930, issue. 

In general we have tried to follow the policies worked out and found best by 
Professor Herbert Osborn during his development of the Annals to its present 
form and standing as a scientific journal. 

I wish to speak my appreciation of Professor Osborn’s contintied interest. 
He has been at the Editor’s right hand and has assisted during the summer when 


the Editor has been on his so-called vacation. 

The financial summary follows: 

RECEIPTS. 

N on-member Subscripti ons $ 566 . 66 

From Sale of Back Volumes and Numbers 299.70 

From Engravings and Reprints 543 . 14 

Volume 2, Say Foundation 5.00 

From National Academy of Science 500.00 


$1,914.50 

disbursements. 

Mailing Charges and Postage Stamps $ 93.68 

Stenographic and Clerical Service 273.48 

Engraving Bills 514 . 30 

Incidentals 48.56 


$ 930 02 

Remitted to Treasurer, December 10, 1929 970. 16 

Overdraft on Bank, January 1, 1929 14.32 


$1,914.50 

Vouchers are submitted herewith. 

Respectfully submitted, 

Clarence H. Kennedy, Managing Editor. 

REPORT OF THE TREASURER OF THE THOMAS SAY 
FOUNDATION FOR THE YEAR 1929. 


RECEIPTS. 

Balance on Hand, January 1, 1929, (See Annals XXII, p. 151) $13.13 

Sale of Volume I , '. 15.00 

Sale of Volume II 27.95 

Interest on Savings Account 46 


Total Receipts $56 . 54 

(Due on Sales of Vol. II, $5.50.) 

expenditures. 

Postage on Volumes Mailed $2.40 

Stamps 1.00 

Interest on Loan of $325.00, January 1, 1929, December 30, 1929 19.50 

Balance in Purdue State Bank 33.64 


Total $56 54 


There is a balance due on loan to pay for printing of volume II, of $325.00. 
Total net deficit, $291.36. 

’ Respectfully submitted, 


J. J. Davis, Treasurer . 
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REPORT OF THE AUDITING COMMITTEE. 

We, the Auditing Committee, have examined the books of the Thomas Say 
Foundation, the Treasurer of the Entomological Society of America, and the 
Managing Editor of the Annals, and have found them to be correct. 

Respectfully submitted, 

C. R. Crosby, Chairman , 

W. S. Hayfs, 

C. E. Mickkl. 

By vote of the Society the report was accepted. 

The report of the Committee on Anatomical Terminology (G. C. 
Crampton, Chairman, O. A. Johannsen and R. E. Snodgrass) was 
received and after much discussion was referred back to the committee 
with the request that the committee circularize their report among 
the members and report back a year hence. 

No report was received from the Historical Committee. (This 
committee was approved at the last meeting of the Society and the 
following members were appointed by President Brues: Nathan 
Banks, Chairman, A. C. Kinsey and A. L. Quaintance.) 

The Committee on Coordination (Raymond C. Osbum, Chairman, 
A. L. Melander and J. J. Davis) reported excellent cooperation with the 
similar committee of the American Association of Economic Entomol- 
ogists in avoiding serious program conflicts. 

Representatives on the Council of the Union of American Biological 
Societies (A. N. Caudall and A. G. Boving) presented the report of J. R. 
Schramm, Editor of Biological Abstracts. 

P. H. Van Zwaluwenburg was appointed last spring to represent 
the Society at the Fourth Pacific Science, held in Java. The notification 
reached Mr. Van Zwaluwenburg just after the meetings and too late 
to be presented to Congress. However, he very kindly submitted a 
brief report which was read to the Society. 

The special committee on Nomenclature appointed by the President 
at the opening session to consider proposed amendments of the Zoological 
code, recommended, through the Chairman, Theo. D. A. Cockerell, that 
more time be granted and suggested their report be submitted at a 
later date to the Secretary for proper transmissal. Approved. 

Publication of the membership list and the present Constitution and 
By-Laws approved. 

REPORT OF THE RESOLUTIONS COMMITTEE. 

Your Committee submits the following resolutions: 

1. That we express to the local committee and to the authorities of the Iowa 
.State College our appreciation of their hospitality and of the many courtesies 
extended to the members of this society. 

2. That we commend the action of the Legislature of the State of Iowa in 
recognizing the value of scientific meetings by appropriations towards the expenses 
of this gathering. 1 

Respectfully submitted, 

E. D. Ball, Chairman , 

C. L. Metcalf, 

C. P. Gillette. 
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REPORT OF THE NOMINATING COMMITTEE. 

The Nominating Committee beg to report the following as nominees for the 
respective offices for the year 1930: 

President — Edith M. Patch. 

First Vice-President — R. E. Snodgrass. 

Second Vice-President — R. W. Doane 
Secretary-Treasurer — J. J. Davis. 

Additional Members of Executive Committee — 

For term expiring December 31, 1932 — C. L. Meicalf and P. J. Parrott. 
Councillors to the American Association for the Advancement of Science — 

W. A. Riley and A. L. Melander. 

By vote of the society the report was accepted and the Secretary 
instructed to cast the unanimous ballot of the Society for the election 
of the persons nominated. 

The meeting then adjourned. 

Respectfully submitted, 

(Signed) J. J. Davis, Secretary. 


BOOK NOTICE. 

A HANDBOOK OF THE MOSQUITOES OF NORTH AMERICA, 
by Robert Matheson pp. I-XVIII-2G8. 23 figures, 25 plates. 
Charles C. Thomas, Springfield, Illinois. 

This is a brief and beautifully printed handbook of the mosquitoes 
of North America, of the problems they bring to economic entomology 
and of the methods of their solution. The material is very well organ- 
ized so that it makes a very readable book as well as a handbook in 
which specific topics can be readily located. The chapter headings 
indicate the contents: I, Characteristics of Mosquitoes; II, Biology of 
Mosquitoes; III, Mosquitoes and Human Welfare; IV, Mosquito Re- 
duction; V, Collecting and Rearing; VI, Systematic; VII, Systematic. 
Apparently the author sinks a good fnany of the Dyar and Knalb 
species. The bibliography lists only twenty-two references but indi- 
cates those references having extensive bibliographies. The volume is 
obviously a very concise summary and key to the extensive literature 
on mosquitoes. 


C. H. Kennedy. 
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TWELVE NEW MEALYBUGS FROM MISSISSIPPI. 
(Homoptera: Coccoidea.)* 

Gladys H. Lobdell. 

Of the species described in this paper one is a Phenacoccus, 
two are members of the genus Pseudantonina, four of the genus 
Pseudococcus, and five of the genus Trionymus. The ants 
attending these mealybugs were determined by Dr. M. R. 
Smith. 

In a forthcoming paper I recognize the families (1) Diaspidae 
and (2) Aclerdidae of Professor Ferris, the (3) Coccidae of Mr. 
Steinwenden, and the (4) Margarodidas and Ortheziidae of Dr. 
Morrison. These groups are based on old subfamilies or genera. 
It thus becomes necessary to consider as a family also the 
group Pseudococcinae, even though it has but within the past 
year been defined and elevated to subfamily rank by Dr. 
Morrison (5). Professor Ferris (6) has discussed most of the 
genera that are at present reoognized as belonging to this 
group. 


Pseudococcidae. 

This group is composed of those genera which have one or 
two pairs of dorsal ostioles, and which typically have small 
triangular and usually trilocular pores. A common character- 
istic of many of the members of this family is a covering of 
cottony or mealy secretion and the presence usually of at least 
one pair of cerarii. 

•Contribution from the Entomology Laboratory of the Mississippi Agricul- 
tural Experment Station and State Plant Board of Mississippi. Tne drawings 
were made by Mrs. G. G. DeBord, of the DeBord Laboratories, Fort Smith, 
Arkansas. 
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Phenacoccus insignis new species. 

(Plate I, Figures 1-7.) 

Larva . — Body of mounted specimens examined .79 to .85 mm. long, 
about .46 mm. broad; antennae six-segmented; tibiae shorter than tarsi, 
claws long and slender, each with a denticle; tentorium well developed, 
ventral surface with quinquelocular disc pores, those of abdomen in 
transverse rows; dorsal surface with setae constricted at base, and with 
trilocular pores; position of cerarii indicated by presence of spines and 
pores, numbers not determined, anal lobe bearing two large cerarian 
spines and about three pores, ventral surface of anal lobe with one 
short and one long seta; anal ring setae about five-eighths as long as 
anal lobe setae. 

Adult female . — Body of specimens mounted on slide 3.24 to 3.42 mm. 
long, 2.31 to 2.64 mm. broad; antennae nine-segmented; eighth and 
ninth segments less distinctly separated than preceding segments, 
seventh and eighth segments subequal in length, distal segment slightly 
longer; tentorium well developed; legs of usual type, front tibia two 
and one-third times as long as tarsus, hind tibia three and one-third 
times as long as tarsus, claw with large denticle, dorsal setae not numer- 
ous, small, constricted at base, ventral setae of usual type, in transverse 
rows, about five groups of one long and one short seta on each segment; 
dorsal and ventral surfaces with trilocular pores, ventral surface with 
quinquelocular pores in transverse rows and also multilocular pores in 
region of vulva, seventeen pairs of cerarii, apparently located on slight 
protuberances, cerarian spines small, varying in number and size, 
usually about two larger and one to ten smaller, constricted at base, 
pores more numerous than on adjacent surface but more than their 
own width apart; a larger or medium sized ceratuba, or possibly more, 
apparently on each segment on margin, opening to surface through a 
chitinized protuberance, resembling in shape a frustrum of a cone, 
which apparently usually bears two stout setae near base, some seg- 
ments with additional similar ceratubae near meson, number apparently 
variable; anal ring cellular, with two outer rows of cells, in places three 
rows, single inner row; ventral surface of anal lobe bearing usually oqe 
long, two medium, and two small setae; four smaller setae located on or 
near mesal margin of small chitinized area; six anal ring setae, about 
two-thirds as long as anal setae, ovoviviparous. 

Host . — Elm bark ( Ulmus sp.). 

Locality . — Columbus, Mississippi: November 30, 1926. 
Collected by Dr. M. R. Smith and Mr. J. N. Roney. 
Attended by ants ( Crematogaster laeviuscula var. clara Mayr.) 

The pores of the cerarii are apparently more numerous in 
this species than in Phenacoccus regnillohi Holl, and there is a 
distinct chitinized area on the ventral surface of each anal lobe. 
The original description does not mention this chitinization. 
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Dr. Morrison says, ‘ ‘ I cannot associate this specimen with any 
species in the collection. From descriptions, it seems closest 
to regnittohi Holl.” 

The holotype is in the coccoid collection of the Mississippi 
State Plant Board; paratypes in the same collection: and in the 
coccoid collection of the U. S. National Museum. 

Pseudantonina giganticoxa new species. 

(Plate II, Figures 1-6.) 

Living adult females . — About 1.8 to 2.19 mm. long, 1.4 to 2.19 mm. 
broad, 1.00 mm. high, yellowish white color with practically no secretion 
on January 10, when brought into the laboratory, segmentation of 
thorax and abdomen distinct. Four specimens left in vial until morning 
after collection had secreted a quantity of white cottony wax threads 
which entirely surrounded the body extending for about twice the 
length of the body caudad of it. One specimen had only secreted a 
small quantity of fine white powdery wax and a few threads. On 
January 17, the wax on one specimen stood 7 mm. high and curved 
caudad, the total length equaling the height. The specimens were not 
fed. 

Adult female . — Specimens mounted on slides, 1.91 to 3.11 mm. long, 
1.55 to 3.11 mm. broad, very convex; derm membranous except along 
coria between segments, there irregularly chitinized on thorax and 
abdomen; antennae reduced but not rudimentary, usually six-segmented, 
occasionally with four or five segments; setae of basal segments short 
and stout, those of distal segments slenderer; tentorium and rostrum 
each about as broad as long, heavily chitinized; spiracles broad, heavily 
chitinized, with numerous multilociilar disc pores and a few smaller, 
circular trilocular pores, in close proximity, legs reduced and poorly 
devloped but not rudimentary, claws very slender, without denticles, 
digitules hair-like; a pear-shaped portion of ventral derm — apparently a 
prolongation of each coxa — chitinized, slightly less than twice as long as 
rest of leg, and perforated with numerous small clear pores; dorsal sur- 
face with a few small stout setae and numerous short, chitinized, tubular 
ducts, setae most numerous along lateral margins and on posterior half 
ot abdomen, with two pairs of small dorsal ostioles; setae of ventral 
derm more numerous and larger, those of abdomen arranged in trans- 
verse rows segmen tally, longest in region of vulva; multilocular disc 
pores, and short tubular ducts of dorsal type numerous, anal lobes very 
reduced, bearing on dorsal surface numerous setae of type occurring on 
adjacent areas, some perhaps slightly larger, those of ventral surface 
slender, each anal lobe seta short; anal ring cellular, chitinized, broad, 
with six short setae ab®ut size and length of anal setae. 

Host. — Apparently Cyperus ovularis or echinatus. 

Locality. — A. and M. College, Mississippi: January 9, 10, 
1929. 
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Dr. M. R. Smith, Collector. 

Attended by or associated with ants : Prenolepis ( Nylanderia ) 
parvula Mayr. 

This species is distinguished from any described species by 
the extremely large chitinized hind coxae, bearing pores on their 
ventral surfaces, and by the irregular chitinization of the coriae 
of thorax and abdomen. On a few specimens two or three of 
the dorsal setae of the anal lobes were larger than the others, 
resembling cerarian spines. As this is not a constant condition, 
I have considered the cerarii as lacking. 

The holotype is in the coccoid collection of the Mississippi 
State Plant Board; a paratype in the collection of Mr. E. E. 
Green. 


Pseudantonina spirapuncta new species. 

(Plate III, Figures 1-9.) 

Sac . — Adult female enclosed in a white felted sac. 

Adult female . — Specimens mounted on slides 1.38 to 1.71 mm long, 
1.00 to 1.38 mm. broad; derm apparently usually membranous except 
anal extremity; antenna small, six-segmented, attached near margin of 
head and about twice the width of a basal segment apart; eyes pro- 
truding slightly; tentorium slightly longer than broad, rostrum as broad 
as long, apparently two-segmented; spiracles conspicuous, peritremes 
densely chitinized with an irregular row of pores between lateral edge 
and spiracular opening; legs small, each hind leg with numerous large, 
indistinct, clear areas on femur and tibia, distal end of tibia much 
broader than adjacent end of tarsus; tibio-tarsal articulation distinct; 
claw slender, without denticle, ungual digitules enlarged at distal end, 
tarsal digitules hair-iike; anterior dorsal ostioles apparently lacking, 
posterior pair small; ventral coriae cephalad of second and of third 
abdominal segments with a conspicuous circular cicatrix heavily chitin- 
ized around edge, anterior one larger; dorsal .and ventral derm with 
numerous multilocular pores, what appears to be trilocular pores and a 
few smaller pores, tubular ducts about same diameter as large pores, 
setae stout, segmentally arranged, not numerous, lateral margins of 
posterior three or four abdominal segments with one to three long setae; 
anal seta small, anal ring broad, heavily chitinized, densely cellular, 
six long anal ring setae, anal setae about one-half as long as anal ring 
setae. 


Host . — Grass roots. 

Locality. — A. and M. College, Mississippi: November 28, 
1927. 

Collected by Dr. M. R. Smith and Mr. W. A. Douglass. 
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The species can be distinguished from parrotti by the absence 
of the grouped pores laterad of, though in close proximity to, 
the peritremes of the spiracles; by the presence of multilocular 
pores in the peritremes of the posterior pair of spiracles; by 
the larger legs which are well developed though small; and by 
the presence of two structures, apparently cicatrices, on the 
ventral meson, one between the first and second abdominal 
segments, and a smaller one between the second and third 
segments. 

I am indebted to Mr. E. E. Green for calling my attention 
to the fact that this is a new species and not the same as P. 
parrotti. Some unmounted material was sent to Mr. Green as 
P. parrotti together with a mount of parrotti. Careful exami- 
nation of the material in the collection reveals the fact that 
there are two lots of material bearing the same data, one lot 
being parrotti, the other spirapuncta. Although there was 
nothing on the labels to indicate that the material was not the 
same, Dr. Smith is of the opinion, and I agree with him, that 
if the two species had been collected in the same immediate 
vicinity the material would have been in one package and not 
in two. 

The Holotype is in the coccoid collection of the Mississippi 
State Plant Board, and some of the material in the collection of 
Mr. E. E. Green. 


Pseudococcus acutus new species. 

(Plate IV, Figures 1-8.) 

Living adult female . — Enclosed Jn a greenish white, resinous cell, 
usually about two to three mm. long and open at the distal end; 
posterior portion of the abdomen of living specimens protruding from 
the cell, its unusual pointed form being quite as distinctive in a living 
specimen as in a mounted one; the bands of large multilocular abdominal 
pores conspicuous on a mounted specimen, appear to be restricted to 
the portion of the abdomen which usually projects from the resinous 
cell. These cells were attached to the twig near the base of the needles. 

Adult female . — Bodies of fourteen specimens mounted on slides 
measured 1.6 to 2.17 mm. long, .97 to 1.45 mm. broad; broadest through 
mesothorax, abdomen tapering shaiply to posterior end, anterior end 
of body rounded; surf ape of body powdered with fine white wax; derm 
membranous; antennae seven-segmented, distal longest; tentorium and 
legs of average sizes, each posterior tibia usually slightly more than 
twice as long as tarsus, tibia scattered with a few clear pores; spiracles 
femall; anterior and posterior dorsal ostioles present; trilocular pores 
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scattered on dorsal and ventral surface; ventral surface of head and 
thorax with a few scattered multilocular disc pores, margins of ventral 
surface of first two or three abdominal segments with a few pores, each 
remaining segment of abdomen with transverse row of pores along 
caudal margin extending onto dorsal surface and forming a continuous 
band except on third and possibly on fourth segment, a few ducts on 
abdomen; margins of abdominal segments bearing cerarii consisting 
of a few trilocular pores and two small cerarian spines, anal cerarii with 
about eight pores, preceding segments with successively fewer pores; 
cerarian spines possibly occurring on thorax and head but apparaently 
lacking; dorsal and ventral surfaces with scattered setae, most abundant 
on posterior half of abdomen; anal lobes much reduced, anal setae slightly 
longer than ventral pair of anal ring setae, median pair of anal ring setae 
shortest, dorsal pair slightly longer than median; anal ring large, dorsally 
located. 

Host . — Pine twigs ( Pinus sp.). 

Locality . — Ocean Springs, Mississippi; March 28, 1927. 

Mr. J. P. Kislanko, Collector. S. R. No. 4681. 

This species can be distinguished from any species I know 
by the relatively large multilocular disc pores on the dorsal as 
well as the ventral surface of the abdomen, the small ducts, and 
the relatively inconspicuous cerarii. 

Specimens of a species, which, with the exception of a 
normally shaped abdomen instead of a pointed one and an 
absence of a resinous cell, is very similar to if not the same as 
acutus were collected by Mr. J. M. Langston under flakes of 
bark of a pine on the Horticultural Department Grounds, 
A. and M. College, Mississippi, August 3, 1927. These were 
attended by ants. 

The types are in the coccoid collection of the Mississippi 
State Plant Board. 

Pseudococcus dentatus new' species. 

(Plate V, Figures 1-5.) 

Adult female . — Body mounted on slide 1.65 to 2.40 mm. long, .95 to 
1.45 mm. broad; derm membranous; antennas eight or seven-segmented; 
legs of average size, hind coxae with numerous rather large clear areas, 
trochanters, femora, tibiae, tarsi, and each segment of fore and midlegs 
with few indistinct clear areas, tibiae with two large, heavy spines, 
claws frequently with a small but definite denticle; spiracles of usual 
type; rostrum about three-fourths as broad as long; derm scattered with 
trilocular pores and setae, setae of dorsal surface short, not numerous, 
arranged in transverse rows, ventral setae longer especially on meson; 
a few large tubular ducts with chitinized raised rims around mouth 
on lateral and dorsal surface apparently segmentally arranged; lateral 
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margins of segments with dusters of small tubular ducts, most numer- 
ous on posterior abdominal segments and on head; ventral surface of 
abdomen with numerous large multilocular disc pores, abdomen usually 
with five to seven pairs of cerarii consisting of two slender cerarian spines 
and about four trilocular pores, pores and set® reduced towards thorax, 
pores more numerous and set® larger on anal lobes and derm apparently 
slightly chitinized with two or three slender accessory set®, ventral 
surface with three short set®, a slight chitinized bar extending cephalad 
from each anal seta, anal set® slightly longer than anal ring set®, one 
specimen with fourth pair of small anal ring set® located in close prox- 
imity to ventral pair, anal ring of usual Pseudococcine type with a 
single row of outer cells between first and third pairs of set®. 

Host. — Ragweed {Ambrosia sp.) roots. 

Locality. — A. and M. College, Mississippi: November 28, 
1927. 

Collected by Dr. M. R. Smith. 

Attended by ants ( Pheidole vinelandica Forel). 

This species differs from any other that I know in usually 
having a denticle on the claws, tubular ducts with chitinized 
raised rims around the mouths, and with cerarii restricted to 
the abdomen. 

The types are in the coccoid collection of the State Plant 
Board. 


Pseudococcus difficilis new species. 

(Plate VI, Figures 1-9.) 

Living specimens . — Entire body covered with fine white, powdery 
wax, in rubbed specimens, derm showing through as light brown in 
color; largest specimen examined 2.6 mm. long, 2 mm. broad, smallest 
specimens 2 mm. long; segmentation distinct; eight or nine wax pencils 
projecting from abdominal segments, increasing in size toward anal 
lobes; longest pencil .4 mm., two pairs on head, apparently none on 
thorax; two short flat wax plates protruding from lateral and ventral 
half of anal ring apparently united on ventral surface, one specimen 
with a drop of light amber-colored fluid above left posterior ostiole, 
fluid quickly volatile when surface film was punctured, or quickly 
absorbed by bark on which specimen rested. 

Larva . — Body of specimen examined .56 mm. long, derm membran- 
ous; antennae large, six-segmented; legs large, claws without denticle; 
spiracerores apparently lacking, two pairs of dorsal ostioles, large; 
dorsal and ventral surfaces with trilocular pores; one pair of cerarii, 
on anal lobe, bearing two long stiff spines and cerores placed close 
together; six anal ring 1 setae apparently longer than anal lobe setae. 

Adult female . — Specimens mounted on slide slightly longer than 
broad, 2.1 to 2.6 mm. long, 3 .8 mm. broad; derm thin and membranous; 
antennae eight-segmented, distal segment longest; legs of average size, 
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posterior aspect of hind femur and of tibia with numerous clear areas 
or pores, tibia 2.6 to 3 times as long as tarsus, claw without denticles; 
trilocular pores on dorsal and ventral surface; circular pores on ventral 
surface of abdomen more numerous near vulva, small tubular ducts on 
ventral surface; spines not constricted at base, long and slender, 
especially on ventral surface; six anal ring setae, anal lobe seta usually 
same length as anal ring setae; ventral surface of anal lobes with large 
chitinized area bearing several short and one or two long setae; 
apparently ten to twelve pairs of cerarii, exact number difficult to 
determine, usually two pairs on head and eight or nine pairs extending 
cephalad from anal lobes, cerarian spines range in size from small to 
large, exact number of each size difficult to determine, first pair of 
cerarii usually with 4 to 5 long and 2 to 4 short spines; second pair 
with 4 long and 5 short spines, occasionally a single large spine that 
apparently represents third pair; fourth pair, 1 to 2 when present; 
fifth pair, 1 to 3 long, 1 to 3 short; sixth, 0 to 4 long, 1 to 5 short; seventh, 
1 to 4 long, 3 to 6 short, eighth, 1 to 4 long, 4 to 7 short; ninth, 2 to 3 
long, 3 to 8 short; tenth, 2 to 3 long, 3 to 9 short; eleventh, 2 long, 5 to 
14 short; twelfth, or anal lobe pair, 2 to 3 long, 1 to 4 short; cerarii with 
about 0 to 4 accessory setae and with grouped triangular pores numerous, 
about 9 in fifth pair and increasing toward anal lobe cerarii where they 
number about 100; last six or seven pairs of cerarii usually with derm 
more or less chitinized. 

Host. — Ash. ( Fraxinus sp.). Most abundant near scarred 
places on trunk. 

Locality . — In front of Biology Building, A. and M. College, 
Mississippi: August 28, 1926. 

Collected by Mr. J. M. Langston. 

Description of larva and of living adult females are from 
specimens taken in crevices of bark of ash, Mayhew, Mississippi, 
November 11, 1926, by Dr. M. R. Smith. These specimens 
were attended by Argentine ants ( Iridomyrmex humilis, Mayr.). 
Specimens at A. and M. College were attended by fire ants 
(Solenopsis geminata Fabr.). 

Dr. Harold Morrison says, ‘ ‘ I have not succeeded in associat- 
ing this with any species in the collection, nor do described 
species seem at all closely related.” 

The types are in the coccoid collection of the Mississippi 
State Plant Board. 

Pseudococcus obesus new species. 

(Plate VII, Figure* 1-4.) 

Unmounted adult female . — Living specimens plump, measuring 3.28 
to 4.38 mm. long, 2.20 to 2.92 mm. broad, 1.80 mm. high; covered with 
fine white, powdery wax, easily rubbed off, showing through as reddish 
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flesh color, segmentation distinct; white waxy marginal pencils small, 
a pair on anterior end, usually two on sides of thorax and nine con- 
secutive pairs on posterior half of body. 

Adult female . — Body mounted on slide 3.02 to 4.19 mm. long, 
2.00 to 3.20 mm. broad; derm membranous, antennae eight-segmented; 
legs stout, hind tibiae slightly more than twice as long as tarsi and with 
numerous rather large clear areas, coxae and femora without dear areas; 
spiracles with a few pores; rostrum about two-thirds as long as ten- 
torium, latter about four-fifths as broad as long; two pairs of dorsal 
ostioles; derm with numerous trilocular pores and small setae, setae 
longest on posterior end of abdomen, ventral surface of abdomen near 
vulva with numerous multilocular disc pores and small tubular ducts; 
each cerarius consisting of short cerarian spines, long slender accessory 
setae, and numerous trilocular pores usually less than their own width 
apart, cerarii of fourteen specimens examined, arranged: one on head, 
three on thorax, and eight on abdomen; nine specimens showed one to 
two smaller cerarii, paired in only one instance, these being between 
last two thoracic groups, variation as follows: 


Head Thorax 


c. s. 

2- 5 

0-1 

1- 4 

0-0 to 2 

1- 4 

0-2 

1- 4 

A. S. 

0- 4 

0-2 to 3 

1- 5 

0-0 to 3 

1- 5 

0-2 to 3 

1- 3 

P. 

23-42 

0-1 to 7 

28-35 

0-3 to 9 

Abdomen 

28-35 

0-8 or 36 

9 or 18-43 

1- 4 

2- 6 

2— 6 

3- 7 

3- 6 

2- 5 

2- 6 

2-2 or 3 

1- 5 

0- 6 

0- 6 

0- 4 

0- 4 

0- 3 

0- 4 

4-6 

16-50 

26-44 

25-48 

37-54 

33-57 

32-53 

50-60 

95-117 


Anal lobes not well developed, dorsal surface without chitinization, 
ventral surface bearing a long anal seta and about ten shorter slenderer 
setae and a small slightly chitinized area cephalad of shorter setae; 
anal ring setae two-thirds as long as anal setae. 

Host . — Pine ( Pinus sp.) trunk, under flakes of bark or 
around scarred places. 

Locality. — Meridian, Mississippi: November 14 and 23, 1927. 

Collected by Dr. M. R. Smith. 

Attended by Argentine ants ( Iridomyrmex humilis Mayr.) 

This species is very similar to P. morrisoni, but apparently 
differs from it in having only a few clear areas on the hind 
femora, these sometimes apparently lacking, in having a much 
larger number of trilocular pores (usually more than thirty) 
associated with each cerarius; and in having only a very small, 
slightly chitinized area on the cephalic end of the ventral sur- 
face of the anal lobes. 

The holotype is in the coccoid collection of the Mississippi 
State Plant Board; paratypes in the same collection and in the 
collection of the U. S. National Museum. 
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Trionymus claviseta new species. 

(Plate VIII, Figures 1-5, and Plate IX, Figures 1-8.) 

Adult female . — Bodies of specimens containing embryonic larvae 
1.98 to 2.81 mm. long, 1.32 to 1.58 mm. broad; derm membranous; 
antennae seven-segmented, third or fourth segment usually with more or 
less indication of division; legs of usual type, front tibia 1.3 to 1.9 times 
as long as tarsus, hind tibia 1 .7 to 2.0 times as long as tarsus, hind coxa 
with a few small translucent pores, latero-ventral spines on distal end 
of tibia small; tentorium broad, well developed, rostrum two-segmented; 
spiracles apparently without grouped pores; derm with numerous 
setae, those of dorsal surface often slightly enlarged at tip, apparently 
never tapering to a fine point as do those of the ventral surface, seg- 
mentally arranged on abdomen; numerous trilocular pores on dorsal 
and on ventral surfaces, ventral surface with large multilocular pores on 
abdomen near vulva, a very few small multilocular (?) pores on ventral 
surface of body; a few small tubular ducts on ventral surface; dorsal 
surface occasionally with a large tubular duct opening to the surface 
through a pore with a chitinized rim and with about three to five small 
setae in close proximity; posterior end of abdomen with three or four or 
possibly occasionally more of the same type, position and number vari- 
able; cerarii lacking except anal lobe pair, each with two large spines 
on a slightly chitinized area with about six or seven slender accessory 
seta?, ventral surface of anal lobe with a small chitinized area bearing 
one or two medium sized seta?, laterad of it three or four similar setae, 
one long anal lobe seta; anal ring of usual Pseudococcine type, with usual- 
ly six seta', one specimen with seven, anal ring setae two-thirds as long 
as anal lobe setae. 

Host . — Hackberry ( Celtis mississippiensis Bose.) bark. 

Locality. — Mayhew, Mississippi: November 12, 1926. # Col- 
lected by Dr. M. R. Smith. 

Attended by ants ( Crematogaster sp.). 

The distinguishing characteristics of this species are: the 
bluntly pointed or slightly clavate dorsal setae, a small chitinized 
area on the ventral surface of each anal lobe, and a single pair 
of cerarii, these located on the anal lobes, consisting of two large 
spines each. 

The holotype and p^ralype are in the coccoid collection of 
the Mississippi State Plant Board. 

Trionymus mori new species. 

(Plate X, Figures 1-7.) 

Adult female . — Body mounted on slide 1.98 to 2.18 mm. long, 
1,18 to 1.22 mm. broad, derm membranous; antennae eight-segmented; 
legs of normal size, hind coxa with numerous clear areas or pores on 
lateral aspect; femur with rather stout setae, tibia with a few pores, 



1930] Lobdell: New Mealybugs From Mississippi 


219 


claw without denticles, digitules well developed; tentorium as broad as 
long, rostrum about five-eighths as broad as long, two-segmented; 
spiracles slender without grouped pores; setae not numerous; trilocular 
pores on dorsal and ventral surfaces, a few multilocular pores on head 
and on ventral surface of abdomen, most abundant near vulva, small 
tubular ducts most abundant on lateral margins of segments, most 
numerous on head and abdomen, extending in transverse rows across 
ventral surface of abdomen; large tubular ducts not numerous but 
usually with one or more occurring on lateral margins and on dorsal 
surface of each segment; three dorsal to each segment except first 
three, sixth, and last three, cerarii restricted to abdomen, number of 
pairs varying, usually two or three posterior pairs recognizable or 
sometimes with as many as six on one side, anterior pairs recognizable 
chiefly by the position of the two cerarian spines which become more 
seta-like anteriorly; derm around base of the two spines of the anal 
lobe cerarii chitinized, bearing a few trilocular pores and two or three 
slender accessory setae; a chitinized bar extending cephalad from each 
long anal lobe seta; anal ring setae about three-fourths as long as anal 
lobe setae. 

Host . — Mulberry (Moms sp.). 

Locality . — West Main Street, West Point, Mississippi 
(Property of B. L. Meyers): July 7, 1928. Collected by Mr. 
G. L. Bond. 

This species can be distinguished from Trionymus shaferi 
(Hollinger , 1923) by the presence of a chitinized bar on the 
ventral surface of each anal lobe and by the chitinization of the 
derm of the anal cerarii. 

The types are in the coccoid collection of the Mississippi 
State Plant Board. 

Trionymus rostellum new species. 

(Plate XT, Figures 1-7.) 

Adult female . — Bodies of 16 mounted specimens varying from 2.24 
to 3.70 mm. long, 1.02 to 1.72 mm. broad; derm membranous; antennae 
eight-segmented ; legs of usual type, slender, hind coxae of usual shape and 
with clear pores rather numerous, set<T stout, tibia twice as long as 
tarsus; tentorium small, seven-eighths as broad as long, rostrum two-seg- 
mented, short, as broad as long, one-half as long as tentorium, bearing 
fourteen pairs of setae, four pairs on ventral surface of proximal segment 
and seven pairs on ventral surface and three on dorsal surface of distal 
segment; spiracles small about twice as long as broad with few if any 
grouped pores; anterior and posterior dorsal ostioles small; setae not 
numerous; segmentally Arranged ; trilocular pores fairly numerous on 
both dorsal and ventral surfaces, multilocular pores on ventral surface 
of last five abdominal segments with a few on the third and on thorax 
between anterior leg and spiracle, apparently never any on the head; 
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a small circular ventral cicatrix between third and fourth abdominal 
segments; tubular ducts of two sizes, small and medium size, not numer- 
ous, a few medium sized ones on head and along margins, small ones 
segmentally arranged, most abundant on posterior half of ventral 
surface of abdomen, cerarii lacking except on anal lobes, each consisting 
of two stout spines with about six associated pores; ventral surface of 
anal lobe without chitinization, with one long anal seta; 6 anal ring 
setae about five-ninths as long as anal seta. 

Host . — Crab grass (?), nut grass. 

Locality . — Near hospital, Houston, Mississippi: October 23, 
1929. 

Collected by Dr. M. R. Smith. 

This species was also collected by Dr. Smith on wire grass 
(Elusina indica) at Eupora, October 19, 1929. These specimens 
were quite abundant on the grass between the leaf sheath and 
the stem and crawling on the surface of the ground. Some of 
the females contained eggs. This species differs from shaferi, 
with which it might be confused, by the absence of a con- 
spicuous, or enlarged, shoulder on hind coxae; by the absence of 
multilocular pores on the head ; by the presence of a small group 
of multilocular pores on the ventral surface between the anterior 
leg and spiracle; and by the much shorter rostrum. In this 
species the rostrum is one-half as long as the tentorium while in 
shaferi it is approximately the same length. 

The holotype and paratypes are in the coccoid collection of 
the Mississippi State Plant Board. 

Trionymus setosus new species. 

(Plate XII, Figures 1-5, and Plate XIII, Figures 1-5.) 

Living adult female . — Thickly covered with fine, white, powdery wax. 

Larva . — Body mounted on slide .53 mm. long, .27 mm. broad; 
antennae six-segmented; each tibia four-fifths as long as tarsus, claw 
without denticle, anal lobe bearing a cerarius with two cerarian spines, 
no accessory setae, posterior dorsal ostioles distinct, six anal ring setae, 
slightly more than one-half as long as anal lobe setae; tri an gular pores 
and setae arranged in transverse rows on abdominal segments. 

Immature female . — Body mounted on slide 1.45 mm. long, .85 mm. 
broad; antennae six-segmented; legs stout, coxa and femur broad, 
tibia slightly longer than tarsus, claw without denticle; spiracles medium 
or small in size; derm membranous, dorsal and ventral surfaces with 
triangular pores and slender setae; large tubular ducts opening on 
dorsal surface through pores of multilocular type as in figure, with 
chitinired rims and usually with about two long, curved accessory 
setae; specimens examined with ten or eleven on one margin and with 
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thirteen on the other, apparently lacking on anal lobes but -with two on 
preceding segment, apparently one on meson of meso- and meta-thorax 
and of each of two segments cephalad of posterior dorsal ostioles, 
possibly others; setae of dorsal surface with blunted tips, those of ventral 
surface pointed; only one pair of cerarii, these on anal lobes, with two 
long conical spines, about two accessory setae, and a few triloc ular 
pores; ventral surface of lobe with one long and two short setae; anal 
ring cellular, of usual Pseudococcine type; anal ring seta; slightly 
more than one-half as long as anal lobe setae. 

Adult female . — Specimens mounted on slide about 3.7 to 4.2 mm. 
long, 1.9 to 2.3 mm. broad; derm membranous; antenna eight-segmented, 
distal segment longest, basal segment long and only slightly broader 
than second segment; legs of usual Pseudococcine type, claw without 
denticle; spiracles medium large; derm with numerous trilocular pores 
and long setae; posterior dorsal ostioles large; margin with about fifteen 
pairs of tubular ducts, number apparently variable, opening through 
pore with chitinized rim, usually with about four accessory setae; a 
few ducts of same type on dorsum of thorax and abdomen; anal lobe 
slightly chitinized; usually with two or four long cerarian spines, about 
two accessory setae, and numerous trilocular pores, other cerarii lacking, 
margins of third and fourth abdominal segments cephalad of anal 
lobes apparently with clusters of setae which extend onto dorsal surface 
toward meson, clusters decreasing in size cephalad; anal ring setae 
apparently variable in number, ranging in specimens observed from 
twelve to thirty-six, typically with three pairs of long seta; as in typical 
Pseudococcine forms and with a variable number of smaller setae 
located between larger ones, smaller setae about one-half as long as 
large ones, large ones about one-half as long as longest anal seta; anal 
ring with single outer row of cells extending from cephalic pair of setae 
ventrad to near last pair of large setae; ventral surface near vulva with 
numerous setae about same length as anal ring setae. 

Host . — Sweet gum ( Liquidambar styraciflua L.) near roots 
in “cowsheds” built by ants. « 

Locality. — Durant, Mississippi: September 18, 1926. Col- 
lected by Mr. G. R. Williams. 

The specimens were attended by ants which had built 
“cowsheds” over them. The descriptions of the larva and the 
adult female were made from material collected September 28. 
The immature female was kept on sweet gum at A. and M. 
College, until October 26, when the mount was made. 

This species differs from any described species with which it 
might be confused in the large number of anal ring setae. 

Attended by Argentine ants ( Iridomyrmex humilis Mayr.). 

The holotype is in the coccoid collection of the Mississippi 
State Plant Board; paratypes in the same collection and in the 
collection of the U. S. National Museum. 
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Trionymus varus new species. 

(Plate XIV, Figures 1-5.) 

Embryonic larva. — Antennas six-segmented, one pair of cerarii, on 
anal lobes, consisting of two cerarian setae; anal ring setae about five- 
ninths as long as anal lobe setae. 

Third (?) stage female. — Body 1.38 mm. long, antennae seven-seg- 
mented, legs stout, posterior coxae with clear areas; setae and pores of 
dorsal and ventral surface and of cerarii fewer than in adult; otherwise 
very similar to next stage. 

Adult female. — Body of specimens mounted on slide 2.78 mm. to 
3.20 mm. long, 1.90 to 2.40 mm. broad; derm membranous; antennae 
eight-segmented, distal segment longest; legs short and stout, hind 
coxae with small clear circular areas on lateral side, tibiae with a few 
clear areas near distal end on outer edge, tarsi about three-fifths as 
long as tibiae, digitules slightly longer than claw, spiracles broad; 
tentorium small but stout, rostrum two-segmented, large, longer than 
tentorium; dorsal derm with numerous small trilocular pores and small 
setae, ventral derm with similar but fewer pores and longer setae; lateral 
margins with small clusters of clear irregular-shaped areas segmentally 
arranged, ventral derm adjacent to vulva with multilocular disc pores 
and with small tubular ducts along last four coriae; cerarii restricted to 
anal lobes, each consisting of two slender cerarian spines with about 
seventeen long flexible accessory seta?, numerous trilocular pores and 
about an equal number of less distinguished quinquelocular ( ?) pores or 
pore-like structures of different sizes; ventral surface of lobes with one 
long and numerous shorter setae; anal ring with six setae of approxi- 
mately same size, frequently with a seventh small accessory seta between 
dorsal and median setae on one side; anal ring setae about two-thirds as 
long as anal setae; ovo viviparous. 

Host. — Oak ( Quercus sp.). 

Locality. — West Point, Mississippi: August 30, 1927. Col- 
lected by Dr. M. R. Smith. The description of the third (?) 
stage female is of a specimen which Dr. Smith collected on oak 
at Adaton, April 5, 1927. There is present in this material 
one young adult female which measures 2.1 mm. in length. 
All the other specimens collected at this time are immature. 

This species is apparently closely related to jessica but it 
differs from that species in possessing distinct anal lobe cerarian 
spines and larger anal lobe setae. 

The holotype and paratypes are in the coccoid collection of 
the Mississippi State Plant Board. 
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Plate IV. 



Pseaiococcus acutus new species Adult female 1, Adult female, X 34 2, Hind 

leg, X 152 3, Pore, X 875 4, Trilocular pore, X 875 5, Duct, X 875. 

6 , Seta, X 875 7, Posterior spiracle and pores, X 225 8, Posterior end of 

abdomen, X 187. 
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Plate V, 





Pseudococcus dentatus new species Adult female. 1, Adult female, X 68 2, 

Posterior leg, X 162 3, Posterior spiracle, X 725. 4, Anal lobe, dorsal 

X 400 5, Anal lobe ventral, X 400. 
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Plate VI 
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Pseudococcus difficilis new species. Adult female. 1, Adult female, X 40. 2, Anal 
ring, X 360. 3, Hind leg, X 118. 4, Anterior spiracle, X 360. 6, Multilocular 
pore of ventral surface, greatly enlarged. 6, Trilocular core and markings of 
aerm, greatly enlarged. 7, Duct, greatly enlarged. 8, Anal lobe, dorsal 
aspect, X 203. 9, Anal lobe, ventral aspect, X 203. 
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Plate VIII. 



Trtonymus clawseta new species. Adult female (see also plate IX) 1, Adult 
female, X 39 2, Hind leg, X 118. 3, Anal ring, X 350. 4, Anterior spiracle, 
X 471. 5, Posterior spiracle, X 471 
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Gladys H. Lobdell 



Tnonymus clavxseta new species Adult female 1, Duct, side aspect, X 1600 ? 
2, Duct, surface aspect, X 1500? 3, Small duct of ventral surface, X 1600 ? 
4 , Posterior spiracle and pores, X 750. 5, Pores, X 1500? 6 , Pores, X 1600 ? 
7, Anal ring, X 350. 8, Posterior end of abdomen, X 141. 
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Plate XI. 
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Plate XIII. 



Trionymus setosus new species. Adult female. 1, Adult female, X 22. 2, Duct, 
X 972 (?). 3, Trilocular pore, greatly enlarged. 4, Markings of ventral 
derm, greatly enlarged. 5, Hind leg and abdomen, X 58. 




THE PLEURAL AND STERNAL SCLERITES OF THE 
LEPIDOPTEROUS THORAX.* 

Harold H. Shepard, 

U. S. Bureau of Entomology, Washington, D. C. 

INTRODUCTION. 

Some excellent studies have been made by various workers 
on the morphology of the sclerites of the thorax of insects. 
Few of these, however, have dealt with the thoracic sclerites 
of Lepidoptera. Many of the figures of the thorax of Lepi- 
doptera that may be found in our present literature are either 
very unsatisfactory drawings or are merely included in a general 
study of all orders of insects with respect to the morphology 
of this body-region. No American investigator up to now has 
devoted much study to the different types of development in 
the lepidopterous thorax. 

Because of the evident value of a study of the thoracic 
sclerites in determining the phylogenetic relationships of the 
families of insects, this study has been undertaken. In the 
Lepidoptera there is a somewhat customary linear arrange- 
ment of families. When any attempt has been made to derive 
a phylogenetic tree to show which families are the more primi- 
tive and generalized, and which the more specialized, and to 
show how close the more primitive families may be to the 
ancient lines of development of which the higher families are 
the result, there has been considerable disagreement amongst 
the various arrangements which have been published. A 
discussion of phylogeny, it seems to the author, should be 
based upon a careful comparison of many species in each family, 
in order that there may be no conclusion based upon aberrant 
forms. Owing to a great lack of information only a few general 
conclusions concerning phylogenetic relations in the Lepidoptera 
may be pointed out at this time. At a later date it is hoped 

* This paper is offered as a thesis in partial fulfillment of the requirements 
for the Degree of Doctor of Philosophy at the Massachusetts Agricultural College. 
The author is indebted to Dr. G. C. Crampton for his suggestion of the subject 
and for his helpful interest and encouragement, and to Dr. H. T. Pemald for his 
kind assistance in securing specimens from various sources. He also wishes v to 
express his appreciation of much useful criticism by Mr. R. E. Snodgrass, of the 
XJ. S. Bureau of Entomology. 
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that further study will have gained for us sufficient material to 
formulate, in conjunction with phylogenetic evidence from the 
other useful characters, a general family relationship in the 
Lepidoptera. 


GENERAL TERMINOLOGY. 

In this discussion two forms will be employed for illustration, 
namely, Melittia satyriniformis Hbn. (Aegeriidae) (Fig. 1) and 
Catocala concumbens Wlk. (Noctuidas) (Fig. 2). It is not 
claimed that the former species is particularly primitive in 
many respects. The species is used here because it shows in 
the one insect most features of the pleural region which occur 
in part in many of the higher families of Lepidoptera. Catocala 
concumbens is representative of the latter. The figure in the 
text may be referred to for the general relationships of the 
various features of the lepidopterous mesopleuron and sternum. 

The terminology used is that adopted by most of the recent 
writers on general morphology of the thorax, such as Cramp ton 
(1909-1926), Snodgrass (1909-1927), Young (1921), etc. How- 
ever, certain characteristic sutures and other formations not 
previously named in the lepidopterous thorax require descriptive 
terms by which they may be designated in such a paper as this 
one. 

Each typical wing-bearing segment in the Lepidoptera has a pleural 
suture (c) (see text figure), traversing the pleural region from the pleural 
wing process (wp) to the coxa. The part of the pleuron anterior to the 
suture and which “always extends from the top to the bottom of the 
pleural plate” (Crampton, 1914a), is called the episternum (es) while 
that posterior to it is the epimeron (em). Quoting from Young (1921), 
“The straightness of the pleural and coxal ridges is a mark of primitive- 
ness.” While this is a general truth in the fuse of the pleural suture, 
it is not strictly so in the two species figured for illustration of these 
terms. The aegeriid Melittia satyriniformis (Fig. 1) has the pleural 
suture (or “ridge”) extremely curved, while Catocala concumbens 
(Fig. 2), in a family considered to be more highly developed in general 
than the Aegeriida?, has a pleural suture less curved. However, M. 
satyriniformis may bo considered a member of a lower family which has 
particularly developed so as to bend the pleural ridge out of proportion 
to the rest of its development. 

In this order the basicoxite is enlarged by the distal extension of 
the basicostal suture (be) on the coxa posteriorly to form the large meron 
(m), as is the case in the Neuroptera, Mecoptera, Trichoptera, some 
Diptera, etc. Snodgrass (1927) figures the coxa of Conopia ( Aegeria ) 
exitiosa Say and discusses the relationships of the basicoxite. In such 
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families as the S&cropterygidae (Fig. 5), Hepialidae (Fig. 6), Megal- 
opygidae (Fig. 9), Pyromorphidae (Fig. 18), and Psychidae (Fig. 16) 
there is none of the anterior part of the basicoxite visible externally. 
In Adel a purpura Wlk* (Fig. 8) and in most of the higher families there 
is in the angle of the eucoxa between the meron and the pleuron a small 
sclerite which may be called the epicoxal piece (a:); it is undoubtedly 
the exposed part of the basicoxite anterior to the pleural articulation 
of the coxa. 



Diagrammatic Structure of the Typical Lepidopterous Mesopleuron 

and Sternum. 

a, anepistemal suture; aes, anepistemum; be, basicostal suture; bs, basi- 
stemite; c, pleural suture; ec, eucoxa; em, epimeron; es , epistemum ;fs, furcistemite; 
g , marginopleural suture; h, midventral suture; m, meron; pern, preepimeron; 
pes, preepistemum; sa, subalare; si, sternal lobe; ss, spimstemite; w, preepistemal 
suture, wp, pleural wmg process; x, epicoxal piece; y, precoxal suture; z, ancpi- 
stemal sutural connective. 

A typical subdivision of the mesothoracic epistemum occurs in the 
Lepidoptera. A longitudinal suture cuts the epistemum of this segment 
in nearly equal parts, the upper smaller one being the anepistemum 
(aes), and the lower the katepisternum. The katepisternum is fused to 
such an extent with the stomal regions and then so divided by secondary 
sutures that other terms have been found more useful in such orders 
as the Neuroptera, Mecoptera, Trichoptera, Lepidoptera, etc. The 
lower region of the epistemum together with the sternum is termed 
the sternopleurite ( spl ). 
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A process is found in many of the more highly developed Lepidoptera, 
such as the Glyphipterygidae, Aegeriidae, Geometridae, Noctuidae, 
Sphingidae, Satumiidae, etc , which may be called the sternal lobe (si) 
(see text figure), and is an anterior projection of the lower region of the 
epistemum which overhangs the sternum. It is sometimes very prom- 
inent and covers a considerable pocket which extends entirely across 
the sternal region. 

The anepisternal suture ( aes ) is a very useful landmark. In very 
few cases, such as Thvris maculata , has it been found lacking. It is 
usually present as a membranous open cleft (. Episternalspalt , Weber, 
1928), extending from the anterior margin of the epistemum about 
three-quarters of the distance to the pleural suture Sometimes it is 
closed, the opposite margins of the cleft being drawn together. Some- 
times it extends entirely to the pleural suture, but usually the posterior 
part is only slightly visible as an internal thickening of the exoskeleton. 
Usually when a connection with the pleural suture is visible, there is a 
tendency, especially in the higher families, for the anepisternal sutural 
connective (z) to migrate down that suture In M. satyriniformis the 
anepisternal sutural connective has migrated to the lower end of the 
pleural suture. 

In Corydalis cornuta L. (Neuroptera), (Fig 3) there is a secondary 
suture extending from the posterior end of the anepisternal suture 
directly to the midventral suture cutting the sternum into basisternite 
(bs) anteriorly and furcisternite ( fs) posteriorly. This suture may be 
termed the precoxal suture (y). In many groups of Lepidoptera the 
anepisternal sutural connective is missing but from the posterior end 
of the anepisternal suture the precoxal suture curves ventrad, some- 
times approaching the region of the sternal lobe, sometimes, on the 
other hand, migrating toward the coxa or even connecting with the 
marginopleural suture (g) In the Geometridae (Figs. 30 and 31) a 
curious thing apparently happens to this suture. The pleural suture 
is very deeply inrolled and the epistemum is drawn in so far that the 
precoxal suture is hidden for a distance therein, the lower part arising 
from the pleural suture just above the origin of the marginopleural 
suture. 

From a point near the anterior end of , the anepisternal suture the 
preepisternal suture (w) extends ventrally to the sternal lobe to join 
the precoxal suture. The region anterior to the preepisternal suture is 
the preepisternum (pes) (Crampton, 1914b). In Figure 1 it is seen that 
the preepisternal suture is slightly Hemarked, while in the Noctuidae 
(Fig. 2) it is very prominent and extends entirely to the anepisternal 
suture. 5 

In some Zygaenoidea and Pyralidoidea there is a tendency for the 
anterior part of the mesothoracic epimeron included in the bend of the 
pleural suture to be marked oft from the main part of the epimeron by 
a more or less distinct furrow or suture. In the Geometridae theft is a 
greater demarkation of this small anterior region, although the separa- 
tion is usually very incomplete. In the Noctuidae and related families, 
and in the Sphingidae, a heavy suture* sometimes neatly as prominent 
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as the pleural suture, marks off this anterior part, which may be appro- 
priately termed the preepimeron (pent) (Fig. 2). Sometimes another 
demarcation of the epimeron occurs in which a line extends dorsad from 
its lower margin. It usually becomes a furrow parallel to the subalar 
membrane posteriorly (Fig. 1). 

In the metathorax of Lepidoptera there is the development of a 
truly lepidopterous structure at the base of the wings on the dorsal 
margin of the epistemum. In Micropteryx aruncella Scop. (Fig. 5) 
there is a slender vertical projection parallel to the wing process and 
directly anterior to it which is probably homologous with the posterior 
basalarc of Cramp ton's typical thoracic segment (1914a). Snodgrass 
(1927) figures a similar structure in Psocus. This basalar plate is 
connected with the episternum at the base of the wing process and 
apparently is developed in some Lepidoptera to assist that process in 
supporting the hind-wings. Anterior to the base of the posterior 
basalare in Micropteryx is a small posteriorly curved lobe. This 
becomes in Ilepialus (Fig. 6) a much enlarged flap-like projection from 
the episternum anterior to the wing-base. In slightly more advanced 
groups such as the Incurvariidac (Adelidsc) (Fig 8), the anterior basalare 
(or basalar pad , ba, as it may be called in the Lepidoptera) is fully 
developed as a cushion-like swelling, not thick-walled as are the sur- 
rounding regions but delicate and often covered with short seta. In 
Figure 1, showing Mclittia satyriniformis , the basalar pad is not so 
clearly demarked as is usual. This appearance may be that which 
would be found in a stage between Micropteryx (Fig. o) and Adela 
(Fig. 8) in its development. 

A line which sometimes appears in the metathoracic epistemum 
may be called the mctcpisternal suture. It usually arises from a slight 
dorsad angulation of the marginopleural suture. 

The epicoxal piece is usually visible in the metathorax, if it is so in 
the mesothorax. 

NOTES ON THE MORPHOLOGY* OF THE PLEURAL AND 
STERNAL REGIONS OF THE MESOTHORAX AND 
METATHORAX IN THE LEPIDOPTERA 
AND ALLIED GROUPS. 

The following notes are arranged, for the most part, by 
families in the order that W. T. M. Forbes follows in “The 
Lepidoptera of New York and Neighboring States 0 (1923), and 
in “A List of the Insects of New York” (1926), since these are 
the most recent works of this type in general use. The figures 
in many cases show both the pleural and sternal regions of the 
mesothorax; other figures show only the lateral view as seen 
without trming the insect. * 
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Order Neuroptera. 

The lateral view of the thorax of Corydalis cornuta L. has 
been figured by Crampton (1909 and 1914a). Weber (1924 
and 1928) has studied the thorax of Sialis, giving many extreme- 
ly useful figures of the exoskeleton and the musculature. As 
C. cornuta is a conveniently large species to show the details of 
the neuropterous type, the mesothoracic view is figured again 
(Fig. 3) in this paper. Important details to be noted are: 

1. A small button-like sclerite, the forerunner of the tegula (/) 
which is applied about the base of the wing anteriorly in Lepidoptera. 

2. The straightness of the pleural suture, its lower end forming 
the lateral condyle upon which the coxa hinges: and the distal extension 
of the basicostal suture which divides the first joint of the leg into meron 
and eucoxa as is also the case in the Trichoptera and Lepidoptera. 

3. The prominence of the anepistemal suture or cleft. This 
character is also strongly developed in the Trichoptera and Lepidoptera. 

4. The precoxal suture ( y ) divides the sternal region into a basi- 
sternite ( bs ) anteriorly and a furcisternite ( fs ) which lies between the 
coxae. 

5. The sclerites extending ventrad from the region of the tro- 
chantin across a large membranous area to the coxa anteriorly continue 
in such Trichoptera as Neuronia (Fig. 4), but seem to be lost, or hidden 
by infolding or thickening of membranous areas, in the Lepidoptera. 
In Phassus (Fig. 6) and Micropteryx (Fig. 5) of the Jugate Lepidoptera 
the prominent membranous areas separating the coxae from the pleural 
and sternal sclerites are very much like those found in Corydalis in the 
Neuroptera and to less extent, and mainly in the mesothorax, in 
Neuronia in the Trichoptera. 

Order Trichoptera. 

Neuronia (Fig. 4) is used to represent the Trichoptera. It 
is not taken as a primitive species but because it shows character- 
istics indicating the relationship existing between Trichoptera 
and Lepidoptera. These may be thought of as characteristics 
retained in common by both Lepidoptera and Trichoptera 
from an ancestor perhaps more neuropterous than otherwise. 
The conception given by Tillyard (1919) is much the idea 
intended. 

1. In Neuroma the prothorax is in many ways like that of a lepi- 
dopteron. The patagial forerunner is present as a broad plate bearing 
a slightly elevated wart-like area anteriorly, having in this regard much 
similarity to Phassus and Micropteryx. The lateropleurite of the pro- 
thorax passes under the anterior part of the patagial sclerite as in such 
moths as Prionoxystus (Fig. 21) and Tkyridopteryx (Fig. 16). 
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2. In the mesothorax the anepistemal suture is situated con- 
siderably ventrad. The precoxal suture is very distinct and passes 
from the inner end of the anepistemal suture to a point anterior to the 
coxa. The anepistemal sutural connective is also very distinct and 
complete. 

3. In the metathorax is a large sclerite at the base of the pleural 
wing-process, from which the epistemal part of that growth arises. 
It is undoubtedly from a similar division of the metathorax that the 
basalar pad (anterior basalare) is formed. Below this sclerite other 
divisions appear which show distinct relation to those in the epistemum 
of Micropteryx and Eriocrania of the jugate Lepidoptera. In the 
frenate Lepidoptera it is very difficult to trace the same relationships. 
From these observations it will be seen that here is but another evidence 
of the closeness of the Jugatae to their trichopterous cousins, and that 
the frenate Lepidoptera are considerably removed from them on other 
lines of development. 

Hermann Weber (1924) figures the lateral view of the 
thorax of Psychomia. The latter is very similar to that of 
Neuronia shown in this paper. Cramp ton (1920) figures a 
lateral view of the thorax of Philopotamus distinctus Wlk. 

Order Lepidoptera. 

Suborder Jugatae. 

Micropteryx aruncella Scop. ( sepella Fab.) (Micropterygida;) 
(Fig. 5) shows certain characters in the lateral view of the 
thorax which would indicate a secondary division of the meso- 
thoracic epimeron into upper and lower regions in the jugate 
Lepidoptera. This division is also indicated in Eriocrania 
auricyanea Wlsm. (not figured here but shown in the lateral 
view in the paper by Crampton,*1920) and less so in Phassus 
husbneri Geyer (Hepialidae) (Fig. 6). 

The tegula at the base of the fore-wing is slightly developed 
in both Micropteryx and the trichopteron Neuronia. It is 
perhaps a little more highly developed in the hepialid Phassus, 
where it is a membranous pad which surrounds the base of the 
wing as does the thicker-walled tegula in the higher families of 
Lepidoptera. 

Suborder Frenatae. 

Incurvarioidea: ’ * 

Two members of the family Incurvariidas have been studied, Tegeti - 
cula yuccasella Riley (Fig. 7) and Adela purpura Wlk (Fig. 8). They 
present a very distinct family character in the mesopleural region, 
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namely, a triangular sclerite next the pleural suture and on the dorsal 
side of the marginopleural suture. 

It is in the Incurvariida? that for the first time a greater share of 
the characteristics are displayed which are found in the secondary 
divisions of the thorax of the higher Lepidoptera. The figure of Tegeti - 
cula shows the typical lepidopterous sternum. The stemopleurite of 
Corydalis (Fig. 3) is a wide unbroken plate. In Tegeticula (Fig. 7) a 
membranous gap in it has appeared extending to the precoxal suture. 
The sternal division is bounded by a sharply defined margin while the 
pleural is more or less indistinct and becoming lobe-like, tendencies 
which become more and more pronounced in higher families. The 
furcistemum is moderately wide in Tegeticula but becomes narrow to 
entirely disappearing in other families. 

Zygaenoidea: 

Three families are included in this group, two of which are represented 
by Megalopvge crispata Pack. (Megalopygidne) (Fig. 9) and Cnidocampa 
flavescens Wlk. (Euclcida>) (Fig. 10), figured in this paper. Jlarrisina 
americana Guerin (Pyromorphida?) has also been examined. 

These species show a decided tendency toward formation of a 
preepimeron although in no case has this plate been found to be defined 
by more than a shallow furrow or an abbreviated suture. 

In the Megalopygida; and Pyromorphidse the precoxal suture is 
bent toward the pleural suture to such an extent that it is in part 
enveloped in that groove. In the eucleid Cnidocampa , however, this 
is not the case. There is in the latter species a triangular sclerite very 
similar to that which characterizes the Incurvariidae. 

Tineoidea: 

Three families in this group have been studied, the species that 
have been taken to represent them being Tineola biselliella Hummel 
(Tineidae) (Fig. 13), Thyridopteryx ephemerae for mis Haw. (Psychidae) 
(Fig. 16), and Lithocolletis sp. (Gracilariida?) (Fig. 15). 

In this group the spinistemite (ss) is found to be well developed. 
H. Weber (1924) gives a full page of drawings of the sterna of Sialis, 
Psychomyia } Hepialis, Zygaena , and Papilio ; and shows the manner in 
which the prothoracic stemites are progressively developed as the 
various types are considered. He found that the spinistemite was 
not developed in Hepialis but appeared in the frenate families which 
he studied. Amongst those species studied in the course of the present 
investigation, Tineola has the posterior fork-like part of the spini- 
stemite* of the prothorax surrounded by a less heavy-walled area which 
occupies a considerable space anterior to the basistemum of the meso- 
thorax. 

In both Tineola and Lithocolletis the furcistemite is rather broad, 
but in Thyridopteryx it is very narrow and hidden. 

* In all cases in which the spinistemite is mentioned in this paper reference is 
made to the part of it (sometimes entirely separated) posterior to the spina which 
is more or less closely associated with the basistemite of the mesothorax in 
Lepidoptera. In general the prothorax is not discussed in this paper. 
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Thyridoptervx has the spinistemite produced on each side laterally 
as an arc the inner margin of which near the tip is fastened to the 
margin of the sternum posterior to it. 

Lithocollctis has taken a course of development opposite to that of 
Tiveola in that the anterior part of the pleuron between the anepistemum 
and the sternum has become membranous over an area extending 
halfway to the pleural suture. 

Cycnodioidea (Elachistoidea) : 

One species has been studied in this superfamily, viz., Aphclosetia sp. 
(Cycnodiidae) (Fig. 12). It will be seen by comparing the figures that 
this species is much like Lithocolletis (Fig. 15) in the demarkation of 
the mesopleuron and mesosternum. The antero-lateral areas are 
more thickly walled and the precoxal suture does not meet the pleural 
suture. 

Gelechioidea: 

Following the tendencies previously noted for the Zygaenoidea, the 
members of the gelechioid families, and especially the Gelechiidac, 
show a still more complete separation of a preepimeron from the epi- 
meron of the mesothorax. This is in direct contrast to the lack of any 
such division in the Tineoidea and Cycnodioidea. 

Depressaria atrodorsella Clem. (OecophoridaO (not figured) shows 
the precoxal suture meeting the anepistemal suture at its posterior 
end; Ypsolophus ligullelus Hbn. (Gelechiidrc) (not figured) shows those 
sutures nearly in junction at that point; whereas in the only species 
figured ii this group, Phthoriviaea operculella Zell. (Gelechiida?) (Fig. 19) 
the precoxal suture is but slightly developed. 

Yponomeutoidea : 

Species studied and figured are Alieva punctella Cram. (Ypono- 
meutidae) (Fig. 17) and Simaethn pariana Clerck (Glyphipterygidae) 
(Fig. 14). Meliltia satyr inij or mis Hbn. (Aegeriidas) (Fig. 1), discussed 
in the first part of this paper, belongs to this group. 

The outstanding features of the kiesopleuron and the sternum of 
this group are: 1. The projection of the sternal lobe ventrally from 
the partially demarked preepistemum. 2. The preepimeron slightly 
or but partially defined. 3. The demarkation, at least in Atteva and 
Simaethis , of a narrow prestemum along the anterior margin of the 
sternum. 

Tortricoidea: 

Very few species in this group have been examined. Some further 
study and comparison of the various types within the families will be 
of interest and applicable in fixing the family characteristics. Car - 
pocapsa pomonella L. (Fig;. 23) and Archips sp. (Fig. 11) are representa- 
tive of two of the subdivisions of the Tortricidae, while Prionoxystus 
robinice Peck (Fig. 21) has been taken to represent the Cossidae. . 

All three species show many characters in common, both in the 
mesopleura and in the metapleura. Only in Carpocapsa is the meso- 
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thoracic preepimeron at all defined and even here it is still partially 
connected with the rest of the epimeron. In Ar chips the region of the 
sternal lobe is entirely membranized, in Prionoxystus that region is 
rather flat and illy defined, while in Carpocapsa it appears as a rather 
low but distinctly-formed lobe. There is also a marked difference in 
the three species as to the position of the precoxal suture as may be 
seen by reference to the figures of the respective species. It will be 
noticed that Arckips has a very decided similarity to the tineoid Litho- 
colletis (Fig. 15) in respect to the mesothoracic pleuron and sternum. 

Pyralidoidea: 

Aside from Thyris maculata Harr. (Thyrididae) (Fig. 20), the studies 
in this group have been entirely amongst the various subfamilies of 
Pyralididae, namely Galleria mellonel/a L. (Galleriinas) (Fig. 24), Desmia 
funeralis Hbn (Pyraustinas) (Fig. 22), Crambus sp. (Crambinae) (Fig. 25), 
and Ephestia kuehniella Zell. (Phycitinae) (Fig. 26). 

In the mesothorax of Thyris is seen a remarkable development of 
that suture which defines the preepimeron, and still more noticeable, 
the entire loss of the anepistemal suture and the formation of two very 
long narrow branches of the prothoracic spinisternite which extend 
separately nearly or quite to the spina. The sternal lobe seems to have 
become flattened out and resembles, at least superficially, a condition 
in the Papilionoidea where the preepistemum does not tend to over- 
hang a part of the sternum. 

The Pyralididae examined show a highly developed sternal lobe, 
bending ventrad to cover parts of the mesostemum. There is a 
characteristic forking of the marginopleural suture of the mesopleuron, 
both forks nearly or quite reaching the pleural suture. The latter 
character is also true of Thyris. The pleural suture is slightly bent in 
all species. 

Satumoidea: 

Auiomeris io Fabr. (Satumiidae) (Fig. 28) presents a rather simple 
pleural map. The sternal lobe has a sharp deep pocket beneath it. 
The suture marking off the preepistemum is very distinct and extends 
to the anepistemal suture near its an tenor end, a character also found 
in Anisota sanatoria S. & A. (Citheronikiae) (Fig. 38). 

Bombycoidea: 

Bombyx mori L. (Bombycida?) (Fig. 27) is in general similar to 
Auiomeris. 

Malacosoma americana Fabr. (Lasiocampidae) (Fig. 29) does not 
have the preepistemum demarked and the sternal lobe is broader. 

Apatelodes torrefacta S. & A. (Eupterotidee) (Fig. 35) has the 
anepistemum of the mesothorax very much swollen. The spinisternite 
is narrow, the ends of the obtuse fork joined to the sternum posterior 
to it. The preepistemal suture meets the anepistemal cleft some 
little distance from the opening of the latter. A$ in the other species 
of Bombycoidea and those also pf Satumoidea that were studied there 
is no preepimeron. 
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Drepanoidea: 

Oreta irrorata Pack. (Drepanidae) (Fig. 32) has no sternal lobe; 
the precoxal and marginopleural sutures are prominent, and likewise 
the ventral half of the preepistemal suture. The preepimeron is 
moderately defined. The part of the pleural suture between the 
wing-process and the preepimeron is rolled over the epistemum so that 
two layers of the body-wall are covered by the membranous area below 
the wing. 

Geometroidea: 

Brephos infans Moeschler (Brephinae) (Fig. 31) and three species 
of Geometrinae (Erannis tiliria Harr., Fig. 30; Ectropis crepuscularia 
D. & S.; and Abbottana clemataria S. & A.) have the upper part of the 
pleural suture hidden as in the Drepanidae. The sternal lobe is absent 
or not prominent, the preepimeron is not strongly demarked, and the 
precoxal suture is not present in the Geometroidea examined. The 
preepistemal suture is very short, extending only about a third of the 
distance from the coxa toward the anepistemum. The prothoracic 
spinistemite is acutely forked with the branches narrow, whereas in 
the Satumoidea it is obtusely forked. 

In the Geometrinae the spinistemite is joined to the basisternite 
which is only moderately arched cephalad. In Brephos infans (Brep- 
hinao), however, it is free, the anterior margin of the basisternite very 
acute and extending some distance cephalad between its branches. 
It is characteristic of this forked type of spinistemite that the branches 
approach or are joined posteriorly to the basisternite at a point very 
close to the furrow beneath the sternal lobe. 

Sphingoidea: 

Sphinx gordius Stoll (Fig. 33), Amphion nessus Cram. (Fig. 48), 
and Phlegethontius sexta Joh. have moderately produced sternal lobes 
and definite preepistema in the mesothorax, much as in Carpocapsa 
(Tortricidae). The preepimeron is completely and markedly separated 
from the rest of the epimeron, the upper end of it produced dorsad and 
lying in a cavity over the pleural suture. This cavity extends into the 
anepistemum dorsally. In Amphion the branches of the spinistemite 
are lanceolate with a very narrow juncture at the midventral line. 

Noctuoidea: 

The members of this group must be very closely related to the 
Sphingoidea, judging by the lateral aspect of the thorax. The greatest 
differences lie in the shape of the spinistemite which, however, seenjs to 
vary in form between allied genera or groups of genera. In all the 
families the preepimeron is particularly well developed and the pre- 
epistemal suture reaches nearly or quite to the anepistemal suture. 

In the Notodontide^ Melalopha inclusa Hbn. (Fig. 39) and Datana 
mlnisira Drury (Fig. 37) have been examined. Melalopha has the 
preepistemum considerably enlarged and* lying over a part of the 
sternum; the preepistemal suture is rather short and has migrated 
toward the pleural suture. The narrow branches of the prothoracic 
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spinistemite extend very far cephalad before uniting. Datana is very 
similar to the typical noctuid in the fact that the preepistemal suture 
extends to the anepistemal cleft. The spinistemite is narrow and acute 
but not as much so as in the previous species; it is joined to the basi- 
stemite of the mesostemum. 

The Liparidse which were studied ( Hemerocampa leucostigma S. & A. 
(Fig. 40) and Stilpnotia salicis L.) have the membranous subalar region 
extending well down toward the meron of the coxa. In Hemerocampa the 
preepistemal suture extends in a nearly straight line to a point close 
to the anepistemal suture. The spinistemite is narrow and somewhat 
acutely angled 

Members of various subfamilies of the Noctuidae have been 
examined. In general they are very similar and much like Datana of 
the Notodontidse. The precoxal suture appears as a more or less well- 
defined line in most of the species. An undetermined species of 
Hypeninae has the branches of the spinistemite attached broadly to 
the basistemite; the preepimeron is nearly round. Alabama argillacea 
Hbn. (Erebinac) has an extremely acutely branched spinistemite and 
the sternal lobe overhangs the sternum as it does in Melalopha (Noto- 
dontidae). The anepistemum of Antographa falcigera Kirby (Plusiinac) 
(Fig 43) extends farther ventrad than usual. In A. basigera Wlk. 
the precoxal suture bends cephalad not more than halfway to the 
preepistemal suture instead of joining with it as in A. falcigera; both 
species have the spinistemite joined to the basistemite. Zale undulai is 
Drury and Catocala concumbens Wlk. (Fig. 2), both Catocalinae, resemble 
each other closely; the spinistemite is typically joined; the species are 
alike in having the precoxal suture visible for only a short distance 
Lithacodia carneola Gn. (Erastriinae) is very similar to the previous 
group. Pyrophila pyramidoides Gn. and Septis arctica Lef. (Fig. 34) 
of the Acronyctinae are very much alike; moreover Eucirrhoedia pampina 
Gn. (Cuculliinae) has almost exactly the same thoracic pleural map as 
has Pyrophila. Of the Agrotinae, Lygranthoecia marginata Haw. 
(Fig. 36), Feltia subgothica Haw., Lycophotia margaritosa Haw., Matuta 
prasina Fabr., and Heliothis obsoleta Fabr. have been examined. In 
general the spinistemite is obtusely forked, thus differing from the acute 
forking in most of the Noctuidae. In Lycophotia the spinistemite 
differs from the other Agrotinae that haye been studied in that it bears 
a midventral suture like that which is present in the sternum proper. 

The Arctiidae possess the same general characteristics in the regions 
under discussion as do the Agrotinae, the only differences worth mention- 
ing here belonging to the sternum In Utetheisa bella L. the obtusely 
forked spinistemite is broadly attached to the basistemite, possibly 
somewhat farther from the sternal lobe than is the usual case in the 
Noctuidae. I si a isabella S. & A. is very similar but with a broader 
preepistemum and with the arms of the spinistemite more slender 
and straight, and not attached to the basistemite. The spinistemite 
of Estigmene acraea Drury (Fig. 41 and 41A) is very different from that 
of all the other Noctuoidea examined in that it is joined to the basi- 
stemite less than half the distance from, the midventral line to the sternal 
lobe, and only encloses a very small heart-shaped membranous area. 
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Nola ovilla Grote (Nolidae) has characters which are similar to those 
of the following species, namely, lack or modification of the preepimeron, 
shortness of the preepistemal suture, etc. The spinistemite, however, 
is very narrow and with very short acutely angled arms, not diverging 
much from the midline; it is not like that of any of the other Noctuoidea. 

Scepsis fulvicollls Hbn. (Euchromiidrc) (Fig. 42) has the spini- 
stemite very broadly forked and as a consequence a rather narrow 
area between it and the anterior margin of the basistemite. 

Hesperioidea : 

In Epargyreus tityrus Fabr. (Pyrginac), (Fig. 44) the anepistemum 
although dearly differentiated is smaller than in the specialized families 
just discussed. There is no preepimeron; the spinistemite is not fork- 
like although it retains its two posterior arms which do not extend 
far from the midventral line, the remaining space being enroached upon 
by the preepisternnm ; the latter region is diminishing dorsally. Pyrgus 
tessellala Scudd. (Pyrginae) differs in having the anepistemum much 
less heavily walled than the regions below it, and a narrower spini- 
stemite as in Pollies . 

Pollies peckius Kirby (Hesperiinae) shows a very significant variation 
from the pleural map of Epargyreus (Fig. 44). The anepistemum is 
still more reduced, and most of it is covered by the tegula, that part 
being membranous. The spinistemite has longer narrow pointed arms 
which lie in angles between the basisternite and the preepistema. 

The spinistemite of Goniurus proteus L. (Pyrgina 4 ) is forked more 
as in Poliies (Hesperiinae), so the reduced spinistemite of Epargyreus 
is not topical of the Pyrginac, although it is an interesting tvpe rather 
similar to that of Danaus (Nymphalidae) and of Paplllo (Papilionidac). 
This is another example of the variability of form of the spinistemite 
in rather closely allied groups of genera. 

Papilionoidea: 

Ileodes hypophlaeas Edw. (Lycaenida?), (Fig. 45) shows a very 
great resemblance to the other butterflies in the characters under 
discussion, while the Hesperiidae Which were examined show very 
little change in characters from those of the various generalized Lepi- 
doptera studied. There is here then a considerable gap in the phylogeny 
of the Lepidoptera. Heodes is remarkable in that the anepistemum 
has very nearly disappeared, the preepimeron is preserved (in this 
matter unlike the Hesperiidee), the precoxal suture connects with the 
anterior margin of the basistemite, and the preepistemum has become 
enlarged anteriorly between the spinistemite and the epistemiim. The 
spinistemite is long, narrow, and with a short acute fork near the mid- 
line. Incisalia augustus Kirby is nearly identical with Heodes in these 
characters; the spinistemite, however, has a much broader and less 
acutely angled fork. * 

In Danaus ar chip pus (Auct.), (Nymphalidae), (Fig. 50) any 
vestiges of the anepistemum which remain must be separated from 
the epistemum proper and located close to the wing base. The precoxal 
suture resembles that of Heodes in emerging from the pleural suture 
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nearly at right angles to it a short distance dorsad of the coxa. The 
preepistemum is narrow and extends entirely to the wing process; 
its ventral end is enlarged near the spinistemite. The latter sclerite 
is shield-shaped with two short arms projecting caudad; it lies for two- 
thirds its length in a pocket formed by the enlarged ends of the pre- 
epistema. 

An examination of other nymphalid species, such as Cissia eurytus 
Fabr., Cercyonis alope Fabr. (Fig. 49), Argynnis sp., Phyciodes tharos 
Drury, Aglais antiopa L., and Vanessa cardui L., shows very little 
difference amongst the various subfamilies. The precoxal suture is 
often only partially visible and may arise at different angles. The 
spinistemite is always much longer and more slender than in Danaus , 
although in general the fork lies in a pocket in the same manner as in 
that species. In the satyrids Cercyonis and Cissia there is no pre- 
epistemal suture. 

The Papilionidae and Pieridas show another development from the 
lycaenid type. Papilio glaucus turnus L. (Fig 46) has a single broad 
stemopleural plate extending from the midventral line to the pleural 
suture and the vestigial anepistemum. The precoxal suture has 
disappeared and the stemopleural plate has broadened anteriorly. 
The pierids Pier is rapre L., Eurymus philodice Godt. (Fig. 47), and 
Eurema sp. likewise show these characters. Papilio has a shield- 
shaped spinistemite situated much as is that sclerite in Danaus (also 
see Fig. 87 of Papilio , Crampton, 1926). In the pierids examined, 
however, the spinistemite is long, slender, and more sharply forked; 
moreover, a triangular presternum directly behind the spinistemite 
appears in the Pieridae apparently as an enlargement of a very small 
plate in that position in Papilio. The pierid meron extends half again 
as far dorsad as the anterior portion of the coxa. 


NOTES ON THE THORACIC MUSCULATURE. 

A few dissections of the thorax have been made for the 
purpose of homologizing some of the characters more accurately. 

Musculature of the cmepisternum . 

The basalar muscles of the coxa and preepistemum are attached to 
a small thickened arm, the ba alare, at the dorsal margin of ^he ane- 
pistemum. In the Lepidoptera, then, the basalare comprises only a 
small muscle attachment slightly if at all separated from the anepister- 
num. The latter sclerite, aside from the muscles attached to the 
thickened arm at its dorsal margin, bears none of the basalar muscles 
from the coxa and sternum. Therefore there can be little doubt that 
it is not an enlarged basalare but is best termed the anepistemum. 

In order to determine the fate of the anepistemum in the Papi- 
lionoidea, dissections of various species were made, and .compared 
with the neuropteron Corydalis and moths of the specialized family 
Noctuidae. In Corydalis the flexor rtmscle of the third axillary plate 
of the wing base is attached in two parts, one to the pleural apodeme. 
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the other larger one to the anepistemum. Weber (1928) shows this 
muscle in Stalls, where the same condition prevails. The noctuid 
moths (species undetermined) that were examined have this muscle 
attached as in these Neuroptera. For comparison may be mentioned 
a figure of the grasshopper Dissosleira (Snodgrass, 1927, Fig. 30) where 
this muscle is apparently broadly joined only to the posterior side of 
the pleural apodeme. 

A different condition appears when the butterflies are studied. 
The hesperiid Epargyreus tityrus has as distinct an anepistemum as 
Corydalis and the noctuid moths. The attachment of the muscle of 
the third axillary, however, is not on the anepistemum in Epargyreus 
but upon the middle of the stemopleurite below the anepistemal suture. 
The smaller muscle which usually lies under this muscle is present and 
attached as usual to the posterior face of the pleural apodeme. In 
Danaus arckippus and Eurymus philodice the muscular attachment is 
on the stemopleurite; in the former it is next the preepisternal suture 
while in Eurymus attachment occurs very close to the pleural apodeme. 

In view of the fact that the muscle which is usually attached to the 
anepistemum in moths and Neuroptera is attached to the plate ventral 
to it in Epargyreus where the anepistemum has not disappeared, it is 
reasonable to conclude that in the Papilionoidea (Figs 45 to 50 except 
48) the anepistemum has not necessarily fused with the stemopleurite. 
The length of the preepistemum leads to the same conclusion. 

Musculature of the hasalar pad. 

In Epargyreus the metathoracic basal ar pad bears a muscle attach- 
ment on its interior to which is fixed a large wing muscle from the 
eucoxa This fact fixes the nature of this sclerite as a basalare. 

Musculature of the precpimeron. 

In the Noctuidae where the preepimeron is well developed is a short 
flat muscle which lies within the preepimeron and from the ventral end 
of which extends a long tendon to the furca. This muscle with its 
attachment is shown in Berlese (1909, Fig. 463). In Weber (1928) it 
is shown as a narrow muscle (Zwisdienmuskel) in Stalls arising from 
the posterior face of the pleural apodeme and attached to the furca 
anteriorly. 


GENERALIZATIONS. 

These conclusions concerning the relationship of lepidopter- 
ous families, it must be remembered, are based entirely upon 
the characters described in the preceding notes. It can not be 
expected that any one character will parallel every other one 
in a series of different species arranged according to their 
supposed phylogeny. It is therefore remarkable to what an 
extent the various characters follow along the same phylogenetic 
path, to present nearly the same arrangement of families when 
different characters are used as the basis of arrangement. 
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When we attempt to derive from the comparison of various 
related species the antecedents of each of those species, we are 
continually faced by the varying results of the divergence of 
species from their extinct common stocks and so must exercise 
care in assigning definite relationships in many cases. 

Those relationships which may be stated from the preceding 
notes may be summarized as follows : 

1. The jugate families show marked relationship to the 
Trichoptera, and distinct separation from the frenate types. 

2. The Eriocraniidae and Micropterygidae appear to arise 
close together while the Hepialidae show some entirely different 
characters. 

3. The “micro” families as a whole give evidence of the 
development of characters which are incorporated in various 
combinations into the structure of the more specialized ‘ ‘ higher 
families.” These characters are much more stable and uniform 
in the latter. 

4. There seem to be two general lines of development of 
the specialized Lepidoptera, viz., that which culminates in the 
Noctuoidea and that which has produced the Papilionoidea. 
The morphology of the thorax would indicate that the noctuid 
line arises in the manner shown in the phylogenetic scheme of 
W. T. M. Forbes (1923). The evidence here (especially that 
of the preepisternal suture and the preepimeron) would indicate, 
however, that the Sphingidas should be very close to the Noc- 
tuoidea, with the Geometroidea and Drepanoidea close to- 
gether on one lower branch, and the Satumioidea and Bomby- 
coidea together on another branch arising between the Geo- 
metroidea and the Noctuoidea. 

5. The thoracic characters of the noctuoid families indicate 
rather clearly that the Arctiidae should be placed very close to 
the Noctuidae and probably are higher on the same general line. 
The Noctuidae are very close to and probably derived from the 
Notodontidae. The Nolidae and Euchromiidae are close to- 
gether; the former has been derived from the Arctiidae, but the 
characters under examination in this study would indicate 
that it is not related and is even more primitive than some of 
the previously mentioned families. The lack of a preepimeron 
in the Nolidae and Euchromiidae as in the Liparidae may indicate 
that these three families are close together but this evidence is 
too slight to form the basis of a definite assumption. The 
Liparidae probably arise close to the Notodontidae. 



1930 ] 


Shepard: The Lepidopterous Thorax 


253 


6. The derivation of the papilionoid line of descent presents 
considerable difficulty. A. D. Imms (1924, p. 438) says: 

“The Papilionina are a tolerably natural group, but there 
is no general consensus of opinion as to their phytogeny. Both 
Hampson and Meyrick regard them as being derived from the 
Pyraline family Thyrididae while other authorities derive them 
from the Castniidse.” 

By referring to the figure of Thyris (Fig. 20) it will be 
observed that this species has no anepisternal suture but that 
there is no evidence that the anepisternum has disappeared as 
in the Papilionoidea but has merely been joined to the region 
ventral to it through disappearance of the suture. There is a 
similarity in the appearance of the preepisternum of Thyris to 
that of the Papilionoidea, but little can be judged from this 
character because of its variability. 

There is one point in favor of the descent of the Papi- 
lionoidea from the cossids, supposed to be the antecedents of 
the castniids. Carpocapsa and Archips of the Tortricoidea, 
which includes the Cossidae, have the precoxal suture arising 
close to the pleural suture and crossing the pi euro n diagonally 
t ) the anterior margin of the basisternite as in such butterflies 
as Dana ns and Cercyonis. It is to be expected that by the 
reduction of the anepisternum and the infolding of part of it 
in the groove of the pleural suture, the precoxal suture which 
arises from the anepisternal would appear some distance down 
the pleural suture. This infolding of a part of the episternum 
within the pleural groove is seen to some extent in the Geo- 
metridaj where the precoxal suture disappears for a short 
distance. Lithocolletis of the Ti neoidea shows the same char- 
acteristic as mentioned above for the Tortricoidea. Both the 
Tortricoidea and the lower families of the noctuoid line are 
supposed to arise from the Tineoidea. 

7. The arrangement of the papilionoid families according 
to thoracic characters seems to be quite clear. The Lycaenidae 
probably give rise to two lines, in one of which the precoxal 
suture is preserved (Nymphalidae), and in the other is lost 
(Papilionidae and Pieridae). 

W. T. M. Forbes (1923) says that in the butterflies, “the 
line of descent through Hesperiidae and Papilionidae to the 
Pieridae is clear, and the Nymphalidae are certainly a direct 
offshoot of the Pieridae; but the attachment of the Lycaenidae 
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is less certain.” This quotation is given to illustrate the 
diversity of opinion concerning gross relationships which still 
exists, and probably will exist for many years to come. 
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ABBREVIATIONS. 


The subscripts 2, 3, indicate that the structures in question belong to the 
meso thorax and me ta thorax, respectively. 


a Anepistemal suture. 

aes Anepis temum . 

ha Basalar pad. 

be Basicostal suture. 

bs Basistemite. 

c Pleural suture. 

ec Eucoxa. 

em. . .Epimeron. 

es Epistemum. 

fs Furcisternite. 

g Marginopleural suture. 

h Midventral suture. 

m Moron. 

p Patagium. 

pba Posterior basalare. 


pem . . Preepimeron. 
pes . . . . Preepi sternum. 

s Sternum. 

sa Subalare. 

si Sternal lobe. 

spl Sternopleurite. 

ss Spinistemite. 

t Tegula. 

tga Tegular arm. 

v Metepisteraal suture. 

w Preepistemal suture. 

wp Pleural wing process. 

x Epicoxal* suture. 

y . . . . . . Precoxal suture. 

x. .... . . Anepistemal sutural connective. 




Fim.m 

Pig. 1 . Melittia satyriniformis , mesopleuron and metapleuron. 

Pig. 2. CatQcala cottcumbens , mesopleuron and metapleuron. 

Pig. 3. Corydalis cornuta, mesopleuron and sternum. 

Pig. 4. Neuronia sp., propleuron, mesopleuron and metapleuron. 

Pig. 5. Micropteryx aruncella, propleuron, mesopleuron and metapleuron. 
Pig. 6 . Phassus kucbneri, propleuron, mesopleuron and metapleuron. > 
Pig. 7. Tegeticula yuccasella , mesopleuron, mesostemum, and metapleuron. 
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Plate II. 



Pig. 8. Adela purpura , mesopleuron and metapleuron. 

Pig. 9. Megalopyge crispata , mesopleuron and metapleuron. 

Pig. 10. Cnutocampa flavescens, mesopleuron and metapleuron. 

Fig. 11. Archips sp., mesopleuron and sternum, and metapleuron. 

Fig. 12. Apkelosetia sp., mesopleuron and sternum. 

Pig. 13. Txneola biselliella , mesopleuron and sternum. 

Pig. 14. Simaethis pariana, mesopleuron and metapleuron. 

Pig. 15. Lithocolletis sp., mesopleuron and sternum. 

Pig. 16. Thyridopteryx ephemeraeformis , propleuron, mesopleuron and metapleuron. 
Pig. 17. Atteva fmnctella , mesopleuron and sternum, and metapleuron. 

Pig. 18. Harristna americana , mesopleuron and sternum. 
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Fio.es rie.87 


Fig 19 Phthonmaea opercnlella , mesopleuron and sternum, and metapleuron 

Fig 20 Thyns maculata , mesopleuron and sternum 

Fig 21 Pnonoxystus robima,, propleuron, mesopleuron and metapleuron 

Fig 22 Desmia funerahs > mesopleuron and sternum, and metapleuron 

Fig 23 Carpocapsa pomonella , mesopleuron and metapleuron 

Fig 24 Galleria mellonella , mesopleuron and metapleuron 

Fig. 25 Cr ambus sp , mescfpleuron and metapleuron 

Fig 26 Ephestia kuehmella , mesopleuron and metapleuron 

Fig 27 Bombyx mon , mesopleuron and metapleuron 
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FI9.3S 


Pig. 28. Automeris to (male), mesopleuron and metapleuron. 

Fig. 29. Malacosoma americana, mesopleuron and metapleuron. 

Fig. 30. Erannis tiliaria (male), mesopleuron and metapleuron. 

Fig. 31. Brephos infans, mesopleuron and metapleuron. 

Fig. 32. Oreia irrorata , mesopleuron and sternum, and metapleuron. 
Fig. 33. Sphinx gordius , mesopleuron and metapleuron. 

Fig. 34. Septis aretka, mesopleuron and metapleuron. 

Fig. 36. Apatelodes torrefacta, mesostemum with pkuron from below. 
Fig. 30. Lygronthoecia marginata , mesopleuron ana sternum. 
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Plate V. 



Fig. 37. Datana minis tr a, mesopleuron and metapleuron. 

Fig. 38. Anisota senator ia, mesopleuron and sternum. 

Fig. 39. Melalopha inclusa , mesopleuron and sternum. 

Fig. 40. Hemerocampa leucostigma , mesopleuron and metapleuron. 

Fig. 41. Estigmene acraea , mesopleuron and metapleuron. 

Fig. 41a. Same species, me$ostemum. 

Fig. 42. Scepsis fulvicollis, mesopleuron and sternum, and metapleuron. 
Fig. 43. Autogropha falcigera, mesopleuron and sternum. 
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Epargyreus ''^^Isoplcuro^and and metapleuron. 

f:;z: 

^ZlTartm rStSluron and sternum, and metapleuron. 


THE BIONOMICS OF SOME TABANHX® (DIPTERA).* 


Alan Stone, 

Dartmouth College, Hanover, N. H.* 

Although the early stages of the Tabanidae have been 
studied in considerable detail, both in this country and in other 
parts of the world, only a relatively few species of this large 
family were involved in these studies. The importance of 
horseflies as irritating posts of man and domestic animals, and 
as potential vectors of disease organisms makes a further study 
of their biology desirable. The following study was carried 
out at Ithaca, N. Y., only a few larvae being collected elsewhere. 

Bionomics in General. 

The Adults. 

Tabanidae are generally robust flies with a stout body, 
large head, powerful wings and a heavy, depressed abdomen. 
They range in size from the smaller Chrysops species, no larger 
than a house-fly, to the large Tabanus species, with a wing 
spread of over 2]4 inches 

In the majority of the species, the females are blood-sucking. 
They have a wide range of hosts, the larger mammals being 
most frequently attacked. Certain species of the genus Tabanus 
and most Chrysops species readily attack man. A medium- 
sized Tabanus will take from 8 to 10 minutes to complete a 
blood meal and will remove 0.2 cc. of blood during that time. 
The males exclusively, and the females to a considerable 
extent, feed on plant juices, excreta from certain insects, and 
other liquids containing nutritive material. The writer col- 
lected a female of Tabanus orion, one of our largest species, on 
Queen Anne’s Lace ( Daucus carota I/.), and all of the specimens 
of Buplex rasa, five in number, on the same plant. It is doubtful 
if the North American Buplex species, or Goniops chrysocoma, 
are blood-sucking. 

» 

♦This paper is a portion of a thesis presented to the faculty of the Graduate 
School of Cornell University in partial fulfillment of the requirements for the 
degree of Doctor of Philosophy, September, 1929. 
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The adults are lovers of sunlight, warmth and moisture. 
They possess a strong positive phototropism. They are 
attracted to moving objects, such as automobiles and trains, 
and will also collect around, and in, a standing automobile. 


TABLE I. 

Seasonal Distribution of the Tabanidae at Ithaca, N. Y. 



May 

June 

July 

August 

Sept. 

Chrysops carbonarius 

..XX 

X X X X 




Tabanus lasiophthalmus 


. X X 

X X X X 

XX.. 



Chrysops cuclux 

• celer 


. . X 

. . X 

XX.. 

X X X X 




* niger 


. . X 

X X X X 

XX.. 



* callidus 



.XXX 

X X X X 

X . . . 


* excitans 



..XX 




u indus 



..XX 

XX.. 



Tabanus carolinensis 



..XX 

XX.. 



u lineola 



..XX 

X X X X 

XX.. 


* trispilus 



..XX 

X X X X 

X X X X 


u vivax 



..XX 

X X X X 

X X X X 


u nivosus 



... X 

X . . . 



“ pumilus 



... X 

X . . . 



u trepidus 



... X 

XX.. 



u reinwar dlii 



... X 

X X X X 

X . . . 


Chrysops geminatus 

u wiedemanni 



... X 

X X X X 

XX.. 




... X 

X X X X 

XX.. 


Tabanus bicolor 



... X 

X X X X 

XX.. 


u stygius 



... X 

X X X X 

XX.. 


u atratus 



... X 

X X X X 

XXX. 


Chrysops vittatus 



... X 

X X X X 

X X X X 


Tabanus epistates 




XXX. 



u ohioensis 




XXX. 



Chrysops univittatus 




XXX. 



u moechus 




X X X X 



Tabanus affinis 




X X X X 



Chrysops montanus 




X X X X 

x 


Tabanus microcephalus 




X X X X 

X X X X 


a costalis 




.XXX 

X X X X 

XX.. 

u longus 



. . . '. 

. . X . 

.... 


Chrysops striatus 




..XX 



Tabanus giganteus 

u superjumentarius 




... X 

X . . . 


Goniops chrysocoma 

Buplex rasa 

Tabanus orion 





.XX. 

.XXX 






..XX 



The writer collected a number of Tabanus species inside of a 
sedan. They are attracted to water, and both sexes are often 
seen, either crawling down to the water’s edge to drink, or 
dipping the tip of the abdomen into it as they fly rapidly over 
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the surface. The reason for the latter habit has not been 
explained but is of common occurrence. 

Since Tabanidae are lovers of hot weather, the flying season 
of the adults is relatively short. In the vicinity of Ithaca, the 
earlier species, such as Chrysops carbonarius and Tabanus 
lasiophthalmus, appear sometime in the second week of May. 
During the first two weeks of July, one finds horseflies in the 
greatest abundance, both as to species and individuals. At 
this time, our most abundant species, Chrysops callidus, gemi- 
natus, and vittatus and Tabanus lasiophthalmus, costalis and 
lineola are on the wing. By early September, most of the species 
have disappeared, although one may find a straggling few late 
into September. 

Table I shows the approximate seasonal distribution of 
those species found at Ithaca, arranged according to the time 
of their first appearance. Each month is divided into four 
parts and the collection of a species within any fourth in- 
dicated by an x. For the rarer species, this table is of little 
significance. 

Mating is not frequently observed. It almost always occurs 
in the morning, from before sunrise to about nine o’clock. 
When the mating pair is at rest, the male hangs inert, and when 
in the air, the male does the flying. 

Since a large number of Tabanidae are semi-aquatic as 
larvae, it is to be expected that their eggs would be found in 
the vicinity of the water. This is true for most of those observed. 
The places of oviposition may be briefly classified as follows : 

1. Foliage or other objects over shallow, quiet water; the 
edges of shallow pools, etc. 

2. Foliage or other objects over relatively deep water, as 
on water plants a considerable distance from shore, and on 
ledges over deep water. 

3. Stones projecting above the bed of a flowing stream. 

4. Vegetation over either moist or quite dry soil. 

The method of oviposition is quite similar in all species 
observed, the only differences being due to a difference in the 
number of layers in the completed mass and in the substratum 
on which the eggs are placed. The process has been described 
so carefully by Hine (1906) and Cameron (1926) that it is 
unnecessary to repeat it here. 
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The Egg. 

The eggs are laid in masses, varying in number from 100 to 
800. All of the eggs may not be laid at one time. The mass 
may be composed of a single layer, as in most of the Chrysops 
species, or of several layers, as in most of the Tabanus species. 
When in a single layer, they partially overlap each other. 
When in several layers, they stand at an angle of 45° or more 
to the surface. As the eggs are laid, they are covered with a 
gluey secretion which acts as a waterproof covering and binds 
the eggs together. Some species cover the egg mass with a 
thick, protective secretion. 

The individual egg is cylindrical, narrower at the ends and either 
straight or slightly curved. It varies in length from 1 to 2.7 mm. and 
in diameter from 2 to .4 mm. 

The duration of the egg stage, in bright sunlight, is from 
5 to 7 days, in most species. This may be prolonged con- 
siderably if the weather is cool and cloudy, the embryo being 
fully developed but not hatching until favorable conditions 
are present or unless mechanically stimulated. All of the eggs 
usually hatch about the same time, the larva; coming out in a 
mass and sticking together, most of them dropping to the 
ground or water together. 


The Larva. 

EXTERNAL ANATOMY. 

Tabanid larvae are characterized by possessing eleven body 
segments exclusive of the head and siphon, a slender cylindrical 
body tapering at both ends, a small retractile head with promi- 
nent downward pointing mandibles,' a shiny, striated integu- 
ment, and a single posterior siphon. These characters, in 
association with the usually visible Graber’s organ within the 
10th and 11th segments, will serve to distinguish all tabanid 
larvae so far described, with the exception of Goniops chrysocoma. 
This anomalous species has a club-shaped body swollen poster- 
iorly, the striae are overshadowed by the mammillated portions 
of the integument, no distinct siphon is visible, and the opaque- 
ness of the Integument in older specimens completely conceals 
Graber’s organ. In the following, more detailed description, 
Goniops is not included, but only the typical tabanid larvae. 
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Head . — The head is small and may be wholly retracted or extended 
nearly half the total length of the head and pharyngeal capsule com- 
bined.* The mandibles are large, strong, parallel to each other, curved 
ventrally, often serrated along the inner margin and usually dark 
brown or black in color. The labrum forms a hook-like projecting 
septum between them. The maxillae are well developed and wholly or 
largely membranous with well developed palpi. The antennae are 
distinct, three jointed. Between each antenna and the dorsal median 
line, is a bunch of stiff, recurved bristles. These are often reddish or 
brownish in color. A short distance posterior to the head capsule, 
on each side, lies a dark ocellus. 

Integument. — The non-pubescent integument is, for the most part, 
characterized by the presence of minute, longitudinal striae. In certain 
places, they arc partially or completely lacking, as in the dorsum of 
the thorax in the genus Tabanus. In other places, they are very fine 
and closely packed together as on the siphon. Often they are numerous 
on the anterior portion of an abdominal segment and fewer and wider 
apart posteriorly. Usually they are closer together on the lateral 
areas than on the dorsum or venter. The integument is ordinarily 
quite transparent and one can see the internal organs quite readily. 

In addition to the shiny integument, there are present more or 
less extensive areas of fine, felt-like pubescence. This pubescence 
arises from the outer layer of the integument and is arranged in a 
fairly definite pattern, according to the species. It is usually brownish 
in color and probably derives much of its color from dirt particles 
adhering to it. In certain places, as on the anal segment of Chrysops 
mocchus , the pubescent character of the covering cannot be discerned 
without a compound microscope. In others, especially on the anal 
protuberances, it is very evident. 

Tabanid larvae may be white, yellowish white, yellowish brown, 
olive green or distinctly green. Tabanus trepidus , living in sphagnum 
moss, is bright green. Chrysops carbonarius is yellowish brown to 
olive green. Many others, among them Chrysops vittatus and C. celer , 
are distinctly white or creamy-white. 

Thorax. — Each of the three thoracic segments is divided into a 
dorsal, a ventral and two lateral areas separated from each other by 
the dorso-lateral and ventro-lateral lines. The prothorax is grooved 
along the mid-ventral line. Usually, there is an anterior ring of 
pubescence on each segment. Ventrally, each segment bears a more or 
less distinct pair of bristles. The prothorax is narrow anteriorly with 
the head telescoping into it. Between the prothorax and the meso- 
thorax, in a lateral, vertical slit, there is a very small thoracic spiracle 
on each side. 

Abdomen. — The first seven abdominal segments are quite similar 
in structure. The eighty is modified to bear the siphon and anus 
The prolegs, on the anterior portion of each abdominal segment except 

♦For a very detailed description of a tabanid larva, and particularly the head, 
one should consult Webb and Wells (1924), pp. 14-17. 
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the last, consist of a dorsal transverse pair usually fused and often 
scarcely visible, a more or less prominent lateral pair, and two rounded 
ventral pairs. These prolegs are usually larger on the posterior seg- 
ments. In certain species, they are very rudimentary. They often 
bear rows of recurved bristles at the tip. The pubescent annuli, when 
.present, are for the most part confined to the anterior margin of abdom- 
inal segments 1-7. Posterior annuli may be present, particularly on 
the posterior segments. Each abdominal segment telescopes into the 
preceding one to some extent. 

The anal segment is broad at the base and usually narrows con- 
siderably beyond the anus into a sub-conical, upward projecting portion 
bearing the siphon. Ventrally, the anus, a longitudinal slit, is sur- 
rounded by an anterior and a posterior anal lobe. Commonly, there 
is a posterior ring of pubescence around the anal segment and anterior 
to this either dorso-lateral projections or spots. Laterally, the anal 
pubescence is often joined to the posterior ring, or the whole ventral 
area from the anus posteriorly is pubescent. 

The siphon extends from the anal segment as a rounded or elongate 
projection, telescoping into the anal segment. At its tip, the two 
tracheal trunks come in contact, the spiracle consisting of a vertical 
slit or a freely exsertile, sharp, compressed spine. (Figures 3 and 4.) 

INTERNAL ANATOMY. 

A detailed discussion of the internal anatomy is not within 
the scope of this work, dealing as it does, primarily, with 
the identification of the immature stages of Tabanidae and with 
their biology. A number of the internal structures may be 
observed, however, in living, transparent larvae. 

The two main tracheal trunks run nearly the entire length of the 
body. They may be slender and quite sinuous, making a loop in the 
6th and 7th abdominal segments or they may be swollen into heavy 
tubes serving as air chambers and narrow only near the posterior end. 
As far as is known, tabanid larvae are^ metapneustic, the anterior 
spiracles not being functional. The pharynx; is enclosed within the 
pharyngeal pouch and moves with the head. The mid-gut usually 
contains a colored fluid, the color depending upon the food last ingested. 
The Malpighian tubules ordinarily show as coiled yellowish or brownish 
tubes in the posterior part of the body. The very transparent, dorsal 
blood vessel can be seen in larger larvae, the contractions proceeding 
from the back forward. 

Of particular interest is Graber’s organ, that peculiar pear-shaped 
sac, broader anteriorly with a slender tube opening near the base of 
the siphon dorsally. Within the sac are a number of capsules con- 
taining black, pediceled bodies. The whole structure is richly provided 
with nerves and muscles and in life keeijs up a nearly continual, lateral 
oscillation. This organ has been described and its possible functions 
discussed so fully by more competent writers that further remarks are 
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superfluous. For a complete r&sumfc of the literature on it, up to 1920, 
one should consult Marchand (1920) pp. 29-43. Cameron (1926) also 
writes quite fully upon it. For other features of the internal anatomy, 
Patton and Cragg (1913) and Stammer (1924) are particularly valuable. 

GROWTH. 

Almost immediately after emerging from the egg, the first 
ecdysis takes place. According to Webb and Wells (1924), the 
second instar larvae are ready to cast the skin of the first instar 
before hatching, and as soon as they hatch, often before they 
reach the water, this is done. The writer failed to determine 
the number of molts in Tabanus atratus larvae. Mitzmain 
(1913) working in the Philippines, found Tabanus striatus 
having only three instars, but he makes no mention of the first 
brief one. Isaac (1924) working with improved technique in 
India, found T. striatus, rubidus, and tenens molting seven 
times and that T. crassus molted eight times. It is quite 
likely that most tabanid larvae molt oftener than was at first 
supposed. 

A characteristic of tabanid larvae, noted by many who have 
worked with them, is the variation in their rate of growth. 
Thus Mitzmain (1913) found 12 day old larvae of Tabanus 
striatus, reared under exactly the same conditions, varying in 
length from 3 to 11 mm. Hine (190G) found 25 day old T. 
lasiophthalmus larvae varied from 3 to 7 mm. Ten day old 
larvae of T. atratus, reared by the writer, varied from 3 to 6 mm. 
The older the larvae grow, the greater the variation becomes. 
This probably helps to explain the extreme variation in the 
size of larvae of a given species collected in the field. Another 
factor entering there is the difference in the time of egg laying. 
This may extend over a period of two months. 

DURATION OF THE LARVAL STAGE. 

In the temperate portions of North America, it is probable 
that the majority of species and the majority of individuals of 
a species require only nine or ten months to complete their 
larval life. However, since the rate of growth is so variable and 
the opposition period so extended, there is probably quite a 
bit of holding over to a'second season. This occurs frequently 
in the laboratory. The writer never succeeded in rearing to 
the adult stage any larva doing this, but did get a prepupa of 
Chrysops carbonarius from a larva collected over 18 months 
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previously. Furthermore, when the larva was collected, on 
July 29th, it was apparently fully grown. A number of other 
larvae of this species and one of Chrysops vittatus were kept 
alive fully as long. Cameron (1926) and others, have observed 
this same phenomenon in their rearing work. If they fail to 
pupate at the time they should, they will ordinarily pass over 
to another year. This probably takes place in nature also. 
The writer collected larvae of Chrysops carbonarius on October 
4th, ranging in length from 3 to 15 mm. If they all emerged 
from the egg the same season, which is probable, one wonders 
whether they would all be ready to pupate the following May. 

Hine, (1906), judging from the rate of growth of the larva 
of Tabanus stygius, felt that it must take two seasons to reach 
maturity. An adult male of Tabanus atratus, reared by the 
writer, emerged on July 10th from a larva which left the egg on 
July 18th of the previous year. This, of course, was under 
laboratory conditions. 


LARVAL ACTIVITIES. 

Newly hatched larvae drop to the ground or water and soon 
disappear from sight, burrowing into the soil or sinking to the 
bottom of the pond or stream and burrowing into the mud. 
Certain species have strongly developed tracheal trunks enabl- 
ing them to float, but as soon as they reach the margin, they 
hide themselves in the mud or debris. 

As is characteristic with larvae, their chief aim in life is 
to feed. This they do from the time they leave the egg until 
winter comes. Then the half grown larvae hibernate out of the 
reach of frost, many of them, probably, burrowing into the 
mud below ponds. They cannot surviye in frozen soil, at least 
if it is moist, as the writer discovered when trying to imitate 
natural conditions. Active larvae were collected at the margin^ 
of ponds as early as March 19th and as late as December 1st. 
In the spring, after a more or less brief period of feeding, 
depending on the species, pupation takes place. 

All of this time they are hidden from sight. Occasionally 
one will find a Tabanus larva, especially in the spring, floating 
on the surface of the water. It is out of its natural environ- 
ment and will burrow into the soil as soon as it can. One has 
to dig in the mud, sift out the rubbish and debris of the shore 
line, dig in rotten logs or search the leaf mold of the forest 
floor to find them. 
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Food. — Tabanid larvae are either carnivorous or sapro- 
phagous. Most of the Tabanus species are the former. Their 
prominent mandibles are fitted for piercing and tearing and they 
use them effectively on earthworms, snails, other insect larvae 
and each other. The writer has watched, under the binocular 
microscope, the feeding of Tabanus reiwwardtii and Tabanus 
atratus on earthworms. Contact is made by means of a sharp 
downward thrust of the mandibles. (If one touches the head 
of a large Tabanus larva with a pair of forceps, a distinct 
click can be heard as the mandibles strike the metal. This 
downward thrust may be felt as a sharp, stinging prick if it 
strikes the hand, not sufficient to break the skin, but smarting 
for several hours after it occurs.) Having secured a hold, by 
means of a twisting, chewing motion an opening is made in the 
side of the worm and the whole head thrust in. Then turning 
first one way and then the other, the fluid contents are sucked 
out and they can be seen flowing through the pharynx and 
making the mid-gut red. 

Young larvae of Tabanus atratus and other unknown species 
were fed on Crustacea, bits of worm, chironomid larva; and, 
best of all, mosquito larvae. Only these young larvae were 
kept in the same receptacle for any length of time and canni- 
balism was frequently observed. Although the larger larvae 
were isolated most of the time, the writer saw no evidence of 
cannibalism among Chrysops species when they were together 
in close quarters. In fact, the actual attack of a Chrysops 
larva upon another animal was never observed. Fragments of 
earthworms were found in the jelly glasses, apparently eaten 
by C. carbonarius and C. celer. However, the mid-gut of all 
the Chrysops species was rarely red and usually green or black. 
Cameron (1926) is emphatic in declaring that Chrysops larvas 
are entirely saprophagous, never feeding on living animal food 
and refusing it even when starving. It is doubtful if this can 
be applied to all Chrysops species, but certainly most of the food 
consists of organic matter in the soil, taken from it as it passes 
through the intestine. Cameron (1926) also found Tabanus 
hirtulus subsisting entirely on dead organic matter and felt 
that even the admitted^ carnivorous species subsisted to some 
extent on it. 

Locomotion. — Tabanid larvas crawl over surfaces and through 
the soil by means of a peristaltic movement and telescoping of 
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previously. Furthermore, when the larva was collected, on 
July 29th, it was apparently fully grown. A number of other 
larvas of this species and one of Chrysops vittatus were kept 
alive fully as long. Cameron (1926) and others, have observed 
this same phenomenon in their rearing work. If they fail to 
pupate at the time they should, they will ordinarily pass over 
to another year. This probably takes place in nature also. 
The writer collected larvas of Chrysops carbonarius on October 
4th, ranging in length from 3 to 15 mm. If they all emerged 
from the egg the same season, which is probable, one wonders 
whether they would all be ready to pupate the following May. 

Hine, (1906), judging from the rate of growth of the larva 
of Tabanus stygius, felt that it must take two seasons to reach 
maturity. An adult male of Tabanus atratus, reared by the 
writer, emerged on July l()th from a larva which left the egg on 
July 18th of the previous year. This, of course, was under 
laboratory conditions. 


LARVAL ACTIVITIES. 

Newly hatched larvas drop to the ground or water and soon 
disappear from sight, burrowing into the soil or sinking to the 
bottom of the pond or stream and burrowing into the mud. 
Certain species have strongly developed tracheal trunks enabl- 
ing them to float, but as soon as they reach the margin, they 
hide themselves in the mud or debris. 

As is characteristic with larvae, their chief aim in life is 
to feed. This they do from the time they leave the egg until 
winter comes. Then the half grown larvae hibernate out of the 
reach of frost, many of them, probably, burrowing into the 
mud below ponds. They cannot surviye in frozen soil, at least 
if it is moist, as the writer discovered when trying to imitate 
natural conditions. Active larva were collected at the margin^ 
of ponds as early as March 19th and as late as December 1st. 
In the spring, after a more or less brief period of feeding, 
depending on the species, pupation takes place. 

All of this time they are hidden from sight. Occasionally 
one will find a Tabanus larva, especially in the spring, floating 
on the surface of the water. It is out of its natural environ- 
ment and will burrow into the soil as soon as it can'. One has 
to dig in the mud, sift out the rubbish and debris of the shore 
line, dig in rotten logs or search the leaf mold of the forest 
floor to find them. 
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Food. — Tabanid larvas are either carnivorous or sapro- 
phagous. Most of the Tabanus species are the former. Their 
prominent mandibles are fitted for piercing and tearing and they 
use them effectively on earthworms, snails, other insect larvae 
and each other. The writer has watched, under the binocular 
microscope, the feeding of Tabanus reinwardtii and Tabanus 
atratus on earthworms. Contact is made by means of a sharp 
downward thrust of the mandibles. (If one touches the head 
of a large Tabanus larva with a pair of forceps, a distinct 
click can be heard as the mandibles strike the metal. This 
downward thrust may be felt as a sharp, stinging prick if it 
strikes the hand, not sufficient to break the skin, but smarting 
for several hours after it occurs.) Having secured a hold, by 
means of a twisting, chewing motion an opening is made in the 
side of the worm and the whole head thrust in. Then turning 
first one way and then the other, the fluid contents are sucked 
out and they can be seen flowing through the pharynx and 
making the mid-gut red. 

Young larvas of Tabanus atratus and other unknown species 
were fed on Crustacea, bits of worm, chironomid larva? and, 
best of all, mosquito larvae. Only these young larvae were 
kept in the same receptacle for any length of time and canni- 
balism was frequently observed. Although the larger larvae 
were isolated most of the time, the writer saw no evidence of 
cannibalism among Chrysops species when they were together 
in close quarters. In fact, the actual attack of a Chrysops 
larva upon another animal was never observed. Fragments of 
earthworms were found in the jelly glasses, apparently eaten 
by C. carbonarius and C. celer. However, the mid-gut of all 
the Chrysops species was rarely red and usually green or black. 
Cameron (1926) is emphatic in declaring that Chrysops larvae 
are entirely saprophagous, never feeding on living animal food 
and refusing it even when starving. It is doubtful if this can 
be applied to all Chrysops species, but certainly most of the food 
consists of organic matter in the soil, taken from it as it passes 
through the intestine. Cameron (1926) also found Tabanus 
hirtulus subsisting entirely on dead organic matter and felt 
that even the admittedly carnivorous species subsisted to some 
extent on it. 

Locomotion. — Tabanid larvae crawl over surfaces and through 
the soil by means of a peristaltic movement and telescoping of 
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the segments. At each contraction wave, the prolegs are 
invaginated. The prolegs with their rows of recurved bristles 
are of great value in aiding them to push through the soil. 
They can move backward nearly as readily as they can forward. 
Their ability to push through narrow places is very marked 
and if a large one is held in the hand, it will crawl between the 
base of the fingers quite easily. 

The larger species, with enlarged tracheal trunks enabling 
them to float, progress slowly, on the surface of the water, by 
means of their peristaltic action, and rapidly by a strong 
lashing of the posterior part of the body. The tip of the anal 
segment is brought forward until it nearly touches the side of 
the larva and then suddenly straightened, propelling the larva 
forward its own length or more. 

Tropisms . — Probably the strongest of the tropic reactions 
exhibited by tabanid larvae is that of a negative phototropism. 
If placed upon a table in front of a window, they always crawl 
away from it. Since they are burrowing animals, fond of being 
entirely in contact with the soil, it may be said that they are 
postively thigmotropic. They may have a slight positive 
geotropism but the writer conducted no experiments to determine 
this accurately. It is quite certainly weaker than its negative 
phototropism. 

THE PREPUPAL PERIOD AND PUPATION. 

Twenty -four to forty-eight hours before the final ecdysis, 
the larva begins the prepupal period. This is characterized 
chiefly by the projection of the anterior spiracles laterally at 
the base of the prothorax. They appear as slender white 
tubes projecting laterally and anteriorly. ( At the same time, 
the head is somewhat invaginated and becomes immovably 
fixed and the thorax becomes slightly swollen. The prepupa 
is usually quite well developed 48 hours before pupation occurs. 

Pupation takes place by the splitting of the integument of 
the thorax along the mid-dorsal line and the crawling out of 
the pupa by means of a twisting motion of the abdomen, 
aided by the bristles surrounding the abdominal segments and 
by the terminal aster. The mouth parts remain attached to 
the crumpled exuvium and during the casting of the skin, lie 
on the venter pointing posteriorly. For successful pupation, 
the prepupa must be in quite compact soil to hold the exuvium 
as the pupa comes out. 
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The Pupa. 

EXTERNAL ANATOMY. 

The pupa of the Tabanidae is obtected, the wings, legs and 
mouthparts being glued to the surface of the body. Anteriorly, 
it is rather abruptly rounded, while posteriorly, it tapers to a 
small terminal segment. When first formed it is pale yellowish 
or greenish; later, it becomes yellowish brown or ferruginous. 

Head and Thorax . — These are closely fused. Anteriorly, to each 
side are the short, rapidly tapering antennae overlying the eyes. Be- 
tween these is usually a heavy ridge of chitin, the frontal carina, 
divided medianly by a notch and sometimes with each side again 
divided into two parts. Above these He a pair of setiferous tubercles 
bearing one or two pairs of seta?. Ventrally, on the fronto-ventral 
plate, are two pairs of setae and below these, a pair of short palpal 
sheaths. Back of the eyes, on the mesothorax, lie the prominent 
thoracic spiracles, flattened laterally and extending out from the body 
dorsally, each with an arcuate rima above and behind it. The wing 
pads reach the second abdominal segment. 

Abdomen . — The first abdominal segment lacks an encircling row 
of spines and definite divisions setting off the lateral areas. Segments 
two to seven each bear a more or less complete ring of spines near the 
posterior third. Each segment is divided into a dorsal, two lateral 
and a ventral area separated by grooves. Each lateral area bears a 
short, truncate abdominal spiracle. The anal segment may, or may not, 
bear dorso-lateral and lateral combs of spines. Ventrally, in front of 
the anus is a row of spines running clear across in the male, but widely 
broken medianly in the female. The anal region is quite protuberant 
in the male and much less so in the female. The posterior part of the 
segment is composed of six heavy, sharp projections forming the pupal 
aster. This usually consists of two projections dorsally, a larger pair 
pointing dorso-laterally and another pair pointing ventrally and poster- 
iorly. 

DURATION. 

The pupal period is relatively short, ranging, roughly, from 
one to three weeks. The writer found most of the Chrysops 
species emerging in less than two weeks after pupation, ranging 
from an average of 8 days for Chrysops carbonarius to 13 days 
for C. vittatus. Tabanus species require a somewhat longer 
period although one specimen of T . bicolor took only ten days 
and one T. atratus did it in 14 days. Tabanus reinwar dtii 
averaged 17 days. WetJb and Wells (1924) found that T . 
punctifer averaged slightly over 20 days in the pupal state. 
There is a considerable variation in reared pupae, so that it is 
difficult to determine accurately the length of the period. 
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ACTIVITIES AND EMERGENCE. 

The pupa is relatively quiet. At the time of pupation, it 
comes to lie in a vertical position, an inch or two below the 
surface of the soil and well above the surface of the water. 
The writer collected many pupae of Chrysops carbonarius in 
very compact mud a short distance below the surface. Just 
before emerging, it crawls up to the surface by means of a 
twisting motion of the abdomen, projecting most of the thorax 
above the surface. The pupal case splits along the dorsum of 
the thorax, the fronto-ventral plate covering the head is pushed 
forward and the adult emerges. 

When the adult first appears, the wings are very much 
folded and are shorter than the abdomen and the abdomen is 
enlarged and translucent. Soon the wings begin to enlarge 
and the meconium is emitted from the anal opening. This is 
greenish or yellowish in color, at first thick and coming rapidly 
and then gradually becoming thinner and dropping more slowly. 
From 20 to 30 minutes after emergence flight for a short distance 
is possible. 

Description of Early Stages and Bionomics of 
Species Studied. 

Keys to Genera — Immature Stages . 

EGGS. 

There is no sharp line of differentiation between the eggs of different 
genera, although, in general, the following key will suffice for the three 
New York State genera in which the egg is known. 

1. Usually in a single tier, lying nearly flat on the surface on which they are 

placed. ( C . celer an exception) Chrysops 

Laid at an angle to the surface, in two or more tiers 2. 

2. Creamy-white at time of hatching ' Goniops. 

Usually dark brown or black at time of hatching Tahanus . 

Larvae. 

1. Body club-shaped, the thoracic segments slender, the abdominal segments 

robust Goniops. 

Body tapering anteriorly and posteriorly, not club-shaped 2. 

2. Apical antennal segment much longer than the preceding segment; dorsum 

of thoracic segments nearly as striated as those of abdomen Chrysops. 

Apical antennal segment not longer, usually much shorter, than the pre- 
ceding segment; dorsal areas smooth or striated, but those of thorax 
nearly or quite free from striae Tahanus . 

Pup^e. 

1. One spine on each side of median line on dorsum of each abdominal segment 

much stronger than the others in the series Goniops . 

Spines of each series either of an almost uniform strength or at least no two 
spines conspicuously stronger than the others 2. 
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2 Antennae surpassing adjacent margin of head, head with two bristles from 

each dorsal tubercle Chrysops 

Antennae not projecting beyond lateral margin of head, head with one 
bristle from each dorsal tubercle Tabattus . 


Chrysops M eigen 

During the course of this study, the following species of 
Chrysops were reared from the larval to the adult stage — 
callidu s, carbonanuSy celer , cuclux , mdns , moechus , montanuSy 
mger , striatus , vxttatus and wiedemanm 

Key to Mature Laivce of Chrysops 

This key includes those species the wnter has reared and several 
of those New York State species on which Cameron (1926) worked, 
the characters of the later being taken from his descriptions It must 
be used with caution as the pubescent areas are subject to even more 
variation than the color areas in the adults Those species in the 
group possessing a spine on the siphon are particularly difficult to 
separate 


1 Siphon without a terminal ex^ertile spine 2 

Siphon with a terminal exsortile spine 5 

2 Anal segment slender prologs of the pre anal segment elongate, pre anal 

segment dorsally with some pubescence 3 

Anal segment not very slender prolegs short and rounded, pre anal 
segment non pubescent dorsally except for a very narrow pubescence 
along the dorso lateral line 4 

3 Dorsum )f pre anal segment distinctly non pubescent discally (Fig 5), 


cuclux 

Dorsum of pre anal segment rather uniformly faintly pubescent (Fig 6), 

moechus 

4 Anal segment with one or two pairs of prominent dorso lateral spots, 

body usually brownish green in color carbonanus 

Anal segment with only one, small dorso lateral spot, body usually 
whitioh or creamy in color vittatus 

5 Posterior ring of the anal segment, dorsally, covermg one third or less 

of the segment 6 

Posterior ring of the anal segment dorsally, covering more than one 
third of the segment 9 

6 Anal segment with one or two large dorso lateral spots, posterior ring 

joined widely to the anal pubescence 7 

Two or three small dorso lateral spots posterior ring not joined broadly 
to the anal pubescence 8 

7 Often two pairs of dorso lateral spots on the anal segment, tracheal 

trunks m the 6th and 7th segments contrasting black and opaque 
white celer 

One large mitten shaped pair of dorso lateral spots on anal segment mitts 

8 Elongate dorso lateral spots on anal segment usually joined to the 

posterior rmg, the more dorsal of the two smaller dorso lateral spots 
very small and slender stnatus 

Elongate dorso lateral spots usually free from the posterior ring, the 
more dorsal of the remaining spots as large or larger than the other, 
round exettans 

9 Anal segment with a pair of anterior dorso lateral projections from the 

posterior ring 10 

No anterior dorso lateral projections or spots, a pair of large, clear, 
dorso lateral areas in the posterior rmg montanus 
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10. Anterior projections from the posterior ring long and slender moerens. 

Anterior projections short ana rounded 11. 

11. Anal segment with no isolated pubescent spots anterior to the posterior 

ring callidus. 

One or more pairs of dorso-lateral spots anterior to the posterior ring. ... 12. 

12. Anal segment with two projections from the posterior ring between the 

dorsum and the anus niger. 

Anal segment with only one, dorso-lateral projection 13. 

13. Dorso-lateral projections from the posterior ring not abruptly narrowed 

apically; dorso-lateral spots large, lying close between the dorso-lateral 

projection and the widened lateral pubescence wiedemanni, 

Dorso-lateral projections abruptly narrowed apically indus . 


Chrysops callidus Osten-Sackcn. 

Mature larva. — Length,, (living), 12-14 mm. Yellowish white or 
greenish; annuli brown, quite distinct; anal segment rather short and 
rounded; posterior pubescent ring quite broad, covering nearly half 
the segment dorsally and taking in the anus; a narrow anterior ring 
dorsally; a pair of dorso-lateral lobes anteriorly from the posterior 
ring and a pair of minute dorso-lateral clear spots in the posterior ring. 
Siphon Short, striated, with a short spine. 

Pupa. — Length, 1 2-13 mm. The frontal Carinas prominent, rounded, 
the median pair divided by a deep cleft. Pre-anal fringe with about 
fifteen spines in the male and five or six on each side in the female. 
Prongs of the aster large and sharply pointed. 

Range. — Ontario, Florida, Ohio, Kansas, Louisiana. 

This species is abundant throughout the State from early 
June to early August. Occasionally, it is collected in May and 
late into August. Ithaca — June 16th to August 6th. 

Hine, (1903), described in some detail the oviposition in 
this species, and Marchand, (1917), described the egg and the 
young larva. 

Only three larvae were collected and positively identified 
during the course of this study. One was found in mud and 
decayed leaves of a small pond in Salisbury! Conn., the second 
at the margin of Dryden Pond, near Ithaca, and the third in a 
swamp near Ithaca. All three were found in quite unshaded 
localities. 

As the prepupal stage was not observed, the date of pupa- 
tion as given in the following table may not be accurate. It 
is merely the date on which the pupa was first seen. The third 
one emerged during the writer’s absence from the laboratory 
from June 24th to July 1. 


Collected Stage Prepupa Pupa Adult Sex 

April 4, 1927 L 13 min April 28 May 7 9 

May 9, 1928 L May 27 Tune 4 9 

June 10, 1927 L June 17 • June 24 

July 1 <? 
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Chrysops carbonaxius Walker. 

(Figures 1, 2 and 4.) 

Mature Larva. — Length, (living), 12-15 mm , (Preserved), 20-21 mm. 
Width, 2.5 mm. Body yellowish brown, usually with a distinct greenish 
tinge when living, making it olive-green; pubescence light brown; 
annuli only slightly darker than the integument; head reddish brown; 
pharyngeal capsule dark brown to black. Prothorax narrowly pube- 
scent anteriorly, this ring being narrowest ventrally and widest laterally; 
posterior pubescent projections from this ring dorso-laterally, ventro- 
laterally, and mid-ventrally; the dorso-lateral pair extend back from 
the anterior margin about two-thirds the length of the segment, widen 



Fig 1 Chrysops carbonanus Walk. Lateral view of anal segment and siphon of 
larva. Magnified 30 diameters. 

Fig 2. Chrysops carbonanus Walk. Dorsal view of anal segment and siphon of 
larva. Magnified 21 diameters. 

slightly posteriorly and are divided by a narrow, longitudinal hyaline 
line; ventro-lateral pair slender and somewhat shorter; mid-ventral 
line as long as the dorso-lateral pair and very slender. Mesothorax: 
narrow anterior annulus with posterior projections dorso-laterally, 
laterally, and two pairs ventro-laterally; the dorso-lateral pair is about 
one-third the length of the segment with its lateral margin along the 
dorso-lateral line and the dorsal margins nearly meeting mid-dorsally. 
Other projections longer, very slender and faint. Metathorax: slightly 
wider annulus with short, dorso-lateral projections forming a gentle 
curve to the anterior margin of the dorsal area and very short points 
at the same places as in the mesothorax. All three thoracic segments 
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striated throughout becoming progressively coarser from prothorax to 
metathorax. On each segment a narrow posterior band of very fine 
striation. Ventral bristles short and black. Abdomen: segments 1-7 
dorsally with an anterior band of pubescence partially divided trans- 
versely by a non-pubescent area. On the first segment this transverse 
division is slender and nearly straight, reaching to the lateral prolegs 
and often broken in places by pubescence. As one proceeds posteriorly, 
the annuli become wider and the transverse non-pubescent area becomes 
shorter and crescentic with the curve anterior. Dorso-laterally, there 
is a small projection posteriorly from the annulus, becoming more 
prominent on the posterior segments, but never very long; sixth and 
seventh segments with a posterior annulus, the seventh with a small, 
pointed, dorso-lateral projection anteriorly. Lateral prolegs with fine 
brownish set® and patches of pubescence dorsally and ventrally to 
them. Ventral pair of prolegs with brownish set® and an irregular 
band of pubescence around and bet wen them. On the anterior segments, 
the dorsal, lateral and ventral pubescent areas are joined, forming a 
complete ring, while on the posterior segments, this ring is broken 
above and below the lateral prolegs. Prolegs of moderate length. 
Anal segment broad at the base, tapering at the apex; dorsally with 
one or two pairs of prominent dorso-lateral pubescent spots; if one, it 
is irregular in shape, if two, the dorsal-posterior pair is larger than the 
more lateral, anterior pair; posterior ring about one-third the length 
of the segment, sometimes narrowly joined mid-ventrally to the pube- 
scence which surrounds and covers the anus; anal and posterior pube- 
scence nearly, or completely, joined laterally by dorsal projections of 
the anal pubescence meeting lateral anterior projections of the posterior 
ring. Integument of the abdomen striate throughout. Siphon of 
moderate length without pubescence or a spine at the tip; very finely 
striated throughout, often with hairs near the tip. Tracheal trunks 
quite slender, shining white to the middle of the seventh abdominal 
segment, posterior to which they become gray. Graber’s organ usually 
with four pairs of black bodies. 

Pupa.— Length, 11-13 mm. Width at thorax, 2.5 mm. Frontal 
teeth consisting of a pair of transverse carin® flanked by a pair of 
small projections. The inner carin® a^e quite prominent near the 
mid-ventral line. Rima of the prothoracic spiracle with a posterior 
hook which is absent in the male. Pre-anal spines in the female three 
or four on either side. In the male, a fringe of 12 to 16, not extending 
as far laterally as in the female. Pupal aster: dorsal prongs short, 
pointed, extending nearly parallel to each other, upward; lateral pair 
long and slender with slightly recurved tips, extending up and back; 
ventral pair intermediate in size, sharply pointed and projecting down 
and back. Abdominal spiracles short, dark brown, projecting some- 
what posteriorly. 

Range. — Canada, Maine, North Carolina, Wyoming, Colo- 
rado. 
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This is a common species throughout the State, appearing 
in the latter half of May and throughout June in the vicinity of 
water and woods. It is the first Chrysops to appear in this 
region. Ithaca — May 18th to June 25th. The females readily 
attack man and cattle. 



Fig 3 Chrysops celer 0 -S Dorsal view of posterior spiracle dissected from 
larva. Magnified 52 diameters 

Fig 4 Chrysops carhonanus Walk Dorsal view of posterior spiracle dissected 
from larva. Posterior end is turned to the left. Magnified 118 diameter. 

The larvae are found in mud among dead leaves and sticks, 
often under the water, along the margins of streams and ponds. 
It is, by far, the most frequently encountered tabanid larva in 
this region. Over 300 larvae and pupae of this species were 
collected during the course of this study, the former ranging in 
size from 5 mm. to mature larvae of 12 to 15 mm. They were 
collected in every month from March to November, being most 
abundant in April and May, rather scarce in June and again 
very abundant in thq fall. The greatest variation in size is 
found in the fall when all sizes may be collected at one time and 
place. They apparently fed on earthworms in the laboratory 
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as many earthworms died, disappeared, or were found in a 
fragmentary condition in the jars, although the act of feeding 
was not observed. As is shown in the following table, severed 
larvae, apparently mature when collected, have remained alive 
and unchanged through two winters. 

Pupae were found in the field in compact mud, several feet 
back from the water, and just below the surface, from May 10th 
to May 26th. In the laboratory, they pupated from October 
to June with the greatest number in March and May. Those 
that pupated in March had been kept over the winter in the 
laboratory and were responding to the somewhat higher tem- 
perature, while those that pupated in May were collected the 
same spring and were not influenced very much by the change 
of environment. Larvae collected in the field in the prepupal 
stage emerged eight days after pupation. The following table 
gives life history data on some of the larvae reared. It is interest- 
ing to note that prepupae were collected on May 12th in two 
successive years, the only date on which they were collected. 


Collected 

Stage 

Prepupa 

Pupa 

Adult 

Sex 

March 19, 1927 

L 

March 31 

April 2 

April 11 

9 

April 

14, 1927 

L 

April 

23 

April 26 

May 2 

9 

a 

10, 1928 

L 

u 

24 

a 26 

“ 3 

9 

tt 

10, “ 

L 

u 

22 

a 24 

* 1 

9 

« 

10, “ 

L 

tt 

25 

a 27 

“ 4 

9 

u 

10, * 

L 

it 

27 

“ 28 

" 5 

9 

u 

10, * 

L 

u 

21 

“ 22 

April 29 

(? 

a 

10, a 

L 

May 

3 

May 5 

May 12 

9 

May 

12, 1927 

Pp 

« 

12 

a 14 

“ 22 

9 

u 

12, a 

Pp 

tt 

12 

“ 14 

“ 22 

9 

u 

12, “ 

Pp 

u 

12 

“ 14 

a 21 

9 

u 

3, 1928 

L 

it 

10 

“ 11 

a 19 

9 

tt 

4, « 

L 

it 

8 

• 10 

“ 17 

9 

it 

4, a 

L 

u 

10 

* 11 

a 19 

9 

u 

12, a 

Pp 

u 

12 

- “ 13 

« 22 

9 

July 

7, 1927 

L 13 mm. 

Died April 

8, 1929. 



a 

7, « 

L 13 mm. 

Died 

March 19, 1929. 



a 

7, « 

L 15 mm. 

Died May 20, 1929. 



u 

16, « 

L 13 mm. 



March 26 

April 5 

9 

a 

16, ■ 

L 14 mm. 



April 17 

a 21 


u 

29, * 

L 15 mm. 

April 

10,1929. Died April 11. 


August 30, 1926 

L 

Feb. 

12 

Feb. 17 

March 3 

9 

a 

30, a 

L 

u 

26 

March 2 

« 11 

<? 

a 

30, a 

L 

March 12 

a 17 

“ 24 

9 

Sept. 

24, * 

L 

Feb. 

26 

3 

w 13 

9 

a 

1, 1927 

L 13 mm. 



Oct. 27 

Oct. 31 

& 

Oct. 

6, 1926 

L 

Feb. 

19 

Feb. 22 

March 6 

9 

a 

6, ■ 

L 

March 12 

March 14 

* 23 

<? 
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Chrysops celer Osten-Sacken. 

(Figures 3 and 9.) 

Mature Larva. — Length, (living), 14-16 mm., (preserved), 20-22 mm. 
Width, 2.5-3 mm. Body pale, creamy white; pubescence of anal 
segment dark brown; annuli pale brown; head brown, the slender 
anterior portion of the pharyngeal capsule yellowish-orange, the wider 
posterior portion dark brown. Markings of the thoracic and first 
seven abdominal segments much like those of C. carbonarius but slightly 
paler and less extensive. The dorso-lateral projections of the prothorax 
are smaller. Ventral thoracic bristles extremely slender. Annuli of 
abdominal segments very pale and indistinct. Striae moderately 
coarse, becoming coarser posteriorly. The posterior ring of the seventh 
abdominal segment lacks definite, anterior projecting, dorso-lateral 
lines. Anal segment broad basally and constricts rather abruptly to 
form a narrow apex. Dorsally, the posterior pubescent ring is confined 
to this narrow portion, about one-third the length of the segment, and 
it is usually slightly curved forward in the center; laterally and ventrally, 
it becomes much wider, covering the anus. There is sometimes left 
a pair of ventro-lateral clear spots in the wide ring. The dorso-lateral 
region may contain two pairs of distinct longitudinal pubescent spots, 
the lateral one slightly smaller and anterior; these spots may be fused 
forming one large pair; this large pair may be joined anteriorly to the 
lateral pubescence or it may also be joined posteriorly to the posterior 
ring, leaving only a small clear area between it and the lateral pube- 
scence. There is an irregular band, or a pair of pubescent spots dorsally 
along the anterior margin and this is often joined to the dorso-lateral 
spots. Prolegs quite short. Siphon rather short, heavy, without 
pubescence and very finely striated, often with a few hairs at tip. A 
very strong exesrtile spine is present, reddish in color. Tracheal trunks 
rather heavy and white except for the posterior part. From the region 
of the posterior transverse trunk in the 7th abdominal segment back to 
the middle of the anal segment, the tracheal trunks are dark brown or 
nearly black; from this point, to the joining of the two trunks to form 
the spine, they are opaque, creamy white. This character can be seen 
most easily in the living larva and it is very distinctive. Graber’s 
organ usually with four pairs of bodies. The combination of the light 
color, the markings of the anal segment, the spine from the siphon and 
the color of the tracheal trunks will serve to identify this species. 

Pupa . — Length, 12-14 mm. Median frontal carinae only slightly 
protruding, broad, rounded; lateral frontal carinae very small. Pre- 
anal fringe in male of fifteen or more spines, in the female usually with 
four spines on each side. Aster with large, sharp prongs. 

Range . — Ontario, Quebec, Ohio, North Carolina. 

This species is vary similar in habitc to carbonarius and is 
likewise one of the earlier forms. It is moderately abundant 
throughout the State from late May to early July. Ithaca— 
May 30th to June 29th. It attacks man and cattle readily. 
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Hine (1903a) observed oviposition in this species and found 
that it placed its eggs in layers, one above the other, as in 
Tabanus. 

The larvae are found in the muddy margins of ponds and 
sluggish woodland streams among decaying vegetation. Over 
sixty larvae and one pupa were collected. They were found from 
March to November, the majority of them being collected in 
May and July. A number of them were lost, as they are very 
active and crawled out of the jelly glasses on which the covers 
were not secure. They apparently fed on earthworms put in 
the jars. 

On May 12th, a prepupa was collected in friable mud some 
distance from the water, exactly a year later two more were 
collected in the same place, and on June 19th a pupa was found. 
Pupation occurred in the laboratory from April 13th to June 
19th, most of it occurring in May. The average length of the 
pupal period, in the laboratory, was 11 days. In no case was 
it less than 8 days. 


Collected 

Stage 

Prepupa 

Pupa 

Adult 

Sex 

March 26, 1927 

L 

April 10 

April 13 

April 21 

9 

April 6, “ 

L 

w 22 

“ 24 

May 3 

9 

May 12, “ 

Pp 

May 12 

May 14 

“ 22 

cf 

* 12, 1928 

Pp 

« 12 

“ 16 

“ 27 

d* 

« 12, « 

Pp 

« 12 

* 13 

* 23 


« 12, « 

L 

• 22 

“ 29 

June 10 

9 

« 12> « 

L 

“ 13 

“ 16 

May 27 

d” 

June 19, “ 

P 


June 19 

June 26 

9 


Chrysops cuclux Whitney. 

(Figure 5.) 

Mature Larva. — Length, (living), 12-14 mm., (preserved), 17-19 mm. 
General color yellowish brown; pubescence rather dark brown; head 
pale brown, the pharyngeal capsule black. Thoracic segments with 
anterior pubescent annuli and projections posteriorly from it along the 
dorso-lateral, lateral, ventro-lateral and median lines as in carbonarius 
and others of this group; the dorso-lateral spots on the prothorax 
elongate and distinct; annuli of the abdominal segments becoming 
wider posteriorly; sixth abdominal segment with little, if any, pubescence 
dorsally; pre-anal segment pubescent dorsally except for a distinct 
clear area discally; the dorso-lateral pubescence on this segment much 
wider than it is ever found in carbonarius. Lateral and ventral pro- 
legs long, projecting at right angles, the posterior pairs longest and 
lacking setae; these are nearly as long as in moechus but in crawling, 
they are pulled nearly directly in and not bent backward. Anal 
segment long and slender, with a wide posterior ring nearly covering 
the anus; a pair of dorso-lateral projections meeting the dorso-lateral 
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pubescence of the pre-anal segment. Siphon long and slender with a 
slight pubescence and no exsertile spine; tracheal trunks very slender, 
distinctly separated in the siphon up to the tip. Graber’s organ 
compact with usually four pairs of black bodies 

The larva of this species can be readily determined by the markings 
of 4 the pre-anal segment and the shape of the prolegs and anal segment. 



Fig 5. Chrysops cuclux Whitn Dorsal view of pre-anal and anal segments and 
of siphon of larva Magnified 20 diameters. 

Fig 6 Chrysops moechus O S Dorsal view of pre-anal and anal segments and 
of siphon of larva Magnified 15 diameters 

Pupa . — Female: Length, 12 mm. Median frontal carinae rather 
prominent, narrow; lateral frontal carinae small. Pre-anal spines four 
or five on each side; aster with a broad median surface, the prongs 
large, the dorsal and lateral prongs on each side somewhat joined at the 
base; apices sharp, sligh tly curved. 

Range . — Ontario, Nova Scotia, New York, Massachusetts. 
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This species is moderately abundant in May and June over 
most of the State. It has been collected at Ithaca, but not by 
the writer. 

Larvae were collected by month, as follows : May, 1 ; July, 9; 
August, 3; September, 11; October, 2; November, 1; a total of 
27. Only one of these has emerged at the time this is written, 
but the larva is so distinctive that identification is not apt to 
be incorrect. They were all found in the very wet mud of 
sluggish streams or at the margin of artificial ponds. 

The one specimen that completed its life cycle was collected 
on May 4th, found to have pupated on May 26th, and emerged 
June first, a female. 

Chrysops indus Osten-Racken. 

Mature Larva. — Length, (living), 13-14 mm. General color pale, 
yellowish white; annuli pale brown, indistinct; striae of thorax and 
abdomen quite distinct. Prolegs short, rounded, provided with short 
setae. Anal segment with a rather broad posterior pubescent ring with 
a pair of slender, dorso-lateral projections narrowing apically, and a 
pair of spots anterior and lateral to them; pubescence covering the anus 
ventrally; a pair of minute, dorso-lateral hyaline spots in the posterior 
ring. Siphon short and rounded with a very short spine. Tracheal 
trunks heavy. 

Pupa. — Length, 12-14 mm. Frontal carinae quite prominent, the 
median pair rather broad and separated by a distinct cleft, the lateral 
pair smaller and pointing somewhat laterally. Pre-anal fringe in 
female with four long spines on each side; in the male, about 15 in 
the entire row. Aster with large prongs; dorsal pair distinctly separated 
at the base, and curved laterally; lateral pair large and close to the 
dorsal pair; the ventral pair pointing somewhat to the sides. 

Range. — Ontario, Quebec, Iowa, New York, New Jersey. 

This species appears early in June throughout most of the 
State and continues through to late July or early August. It is 
one of the most frequently encountered species during June and 
July, and is a persistent pest of man, cattle and horses. 
Ithaca — June 14th to July 22nd. 

Hine (1903a) observed this species ovipositing along the 
margin of a small lake, the eggs being placed in single layers on 
grass blades over the water. He collected males near where the 
females were ovipositing and on the flowers of Cornus. 

This is one of the typical semi-aquatic species in the larval 
state. The writer has reared four males and one female of 
this species from larvae, and one male from a pupa collected in 



1930] 


Stone: Bionomics of Tabanidce 


283 


the field. The larvae were all found in the mud at the margins 
of a small pond and a backwater pool. 

One pupa was collected in the mud of the outlet of Green 
Lake, near Tully, N. Y., on June 12th and on June 18th a male 
emerged. As may be seen in the following table, pupation in 
the laboratory occurred late in May and early in June and the 
pupal period averaged about 12 days. 


Collected 

Stage 

Prepupa 

Pupa 

Adult 

Sex 

April 22, 1920 

L 



June 13 

9 

May 10, 1927 

L 

May 24 

May 29 

“ 10 

cf 

“ 10, “ 

L 

“ 31 

June 2 

“ 13 

cf 

“ 10, “ 

L 

“ 16 

May 18 

“ 1 

<? 

June 12, « 

P 


June 12 

“ 18 

& 


Chrysops moechus Osten-Sacken. 

(Figure 6.) 

Mature Larva. — Length, (living), 14-15 mm., (preserved), 17-18 mm. 
Width, 1.5 mm. A very slender larva with prominent prolegs. Body 
pale yellowish or greenish brown, becoming darker on the posterior 
segments. Head light brown, the pharyngeal capsule dark brown. 
Thoracic segments with an irregular anterior band of faint pubescence, 
widest on the prothorax where it covers about half the segment and 
narrower on the other segments. Striae of the thoracic segments very 
fine. Abdomen: first to fourth segments usually clear, the annuli 
becoming wider posteriorly; fifth segment dorsally with only a large 
discal spot clear, the rest pubescence; sixth and seventh nearly uni- 
formly covered with fine pubescence; no distinct clear patch discally 
on the dorsum of the seventh segment. Striae of the abdomen very 
fine; dorsal prolegs fused into one rather prominent transverse ridge, 
the lateral prolegs very prominent becoming longer posteriorly and 
extending at right angles; when alive, they bend backward in crawling; 
ventral pair of prolegs also prominent and close together; the setae 
which are abundant on the shorter anterior prolegs are lacking on the 
larger posterior prolegs. Anal segment long and slender, very narrow 
and attenuated posteriorly; fine pubescence over the whole segment, 
this being thicker in a band around the middle of the segment just 
posterior to the anus and at the region of the narrowing of the segment. 
Siphon long and slender, faintly pubescent, without a spine but often 
with long hairs. Tracheal trunks extremely slender, white anteriorly 
to the anal segment and brown posteriorly, distinctly separated in the 
siphon until they reach the tip. Graber’s organ with three or four 
bodies. 

Pupa . — Length, 11-18 mm. Median cariiiae of the front of the 
head prominent, angular, the lateral pair smaller but also distinctly 
projecting. Pre-anal fringe in the female consisting of three or four 
spines on each side and in the male of about 12 spines in all. Pupal 
aster with a rather broad median part and short spines. 
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Range. — Michigan, New York, Ohio, Virginia, Georgia. 

This species is moderately abundant throughout the State 
south of the Adirondacks in late June and early July. Ithaca — 
July 2 to 30th. Hine, (1903), observed the females ovipositing 
on foliage overhanging a mill race on June 4th. 

Twelve larvae were collected in May of 1927 and May, 
June, July and September of 1928. They were all found in very 
wet mud, often under the water, at the margin of a small 
artificial lake and at the margin of a muddy backwater above a 
dam. They are very active larvae. No pupae or prepupae were 
collected in the field. Pupation occurred in the laboratory the 
last week of May with one exception in June. The length of 
the pupal period was very irregular, ranging from 10 to 15 days. 
The following table gives the life history data of those that 


emerged. 

Collected 

Stage 

Prepupa 

Pupa 

Adult 

Sex 

May 7,1927 

L 16 mm. 


May 31 

June 8 

9 

« 7, « 

L 16 mm. 


* 31 

* 6 

9 

“ 8, ‘ 

L 

May 25 

« 27 

« 6 

& 

“ 4, 1928 

L 

* 25 

« 29 

“ 11 

cf 

June 19, * 

L 


June 30 

July 9 

<? 


Chiysops montanus Osten-Sacken. 

Mature Larva. — Length, (living), 12-14 mm., (preserved), 14-16 mm. 
Very pale yellowish white; annuli very little darker; head capsule 
brownish; prothorax very finely striated; rest of thorax and abdomen 
striate, the striae wider apart anteriorly (except for prothorax) than 
posteriorly. Pre-anal segment usually with pubescence along the dorso- 
lateral lines. Abdominal prolegs rather short, rounded. Anal segment 
rather short and rounded, a wide posterior pubescent ring reaching to 
the front of the anus, in which lie a pair of large dorso-lateral clear spots 
and often a pair of large ventro-lateral clear spots. Siphon rather short 
and rounded, striate, with a prominent, etfsertile spine. 

Pupa. — Length, 10-12 mm. Median frontal carinae large, wider 
medianly than laterally and separated by a very narrow cleft; lateral 
carinae also large and usually distinctly separated from the median pair. 
Pre-anal fringe in female with about four spines on each side somewhat 
joined basally in a protuberance; in the male, 12 to 15 in all. Aster 
with large prongs, the two upper pairs with the tips curved downward 
slightly; the lower pair very acutely pointed. 

Range. — Quebec, Vermont, Ohio, Illinois, Maryland. 

This species is rarely found except in the vicinity of lakes 
or ponds, at which places it may become quite abundant. It 
has not been recorded from Ithaca. On July 7th, the writer 
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collected one at Spencer Lake and on August 4th, four at 
Cayuta Lake, both about 14 miles from Ithaca. At the latter 
place, they flew to our boat when some distance from the shore, 
to attack us. It has been collected throughout the State from 
late June to early August. Hine (1903a) also found it partial 
to lakes and collected males by sweeping plants along the 
margin of a lake. 

The larvae were collected near North Fairhaven, N. Y., on 
the shore of a small pond close to Lake Ontario. The pond was 
separated from the lake by a narrow strip of beach and the 
larvae were found right at the water’s edge in very coarse sand 
saturated with water. Eighteen were collected in less than 
ten minutes and without moving from one spot. The next day, 
on returning to the laboratory, it was found that several of 
them had formed prepupae. On June 24th, the writer was 
called away from the laboratory, at which time most of them 
had pupated and on returning July 1st, all except one had 
emerged, and that emerged the following day. The pupal 
period was, therefore, close to eight days. The following 
table gives the life history data on those that emerged. The 
date of emergence is not strictly accurate as some may have 
emerged previous to this date. 


Collected 

Stage 

Prepupa 

Pupa 

Adult 

Sex 

June 15, 1927 

L 


June 16 

July l 

& 

“ 15, 

tt 

L 

June 16 

tt 

18 

tt 

1 

<? 

“ 15, 

tt 

L 

“ 16 

a 

19 

tt 

1 

cT 

‘ 15, 

tt 

L 

“ 18 

tt 

21 

tt 

1 

<? 

“ 15, 

tt 

L 


tt 

23 

u 

1 

9 

« 15, 

a 

L 


tt 

23 

it 

1 

& 

“ 15, 

tt 

L 


tt 

23 

tt 

1 

& 

■ 15, 

u 

L 


* 

23 

it 

1 

9 

“ 15, 

tt 

L 


a 

23 

u 

1 

9 

“ 15, 

tt 

L 


u 

23 

it 

1 

& 

“ 15, 

tt 

L 


u 

23 

tt 

1 

& 

* 15, 

tt 

L 


it 

23 

it 

1 

9 

“ 15, 

tt 

L 


it 

23 

tt 

1 

<? 

“ 15, 

tt 

L 


tt 

23 

a 

1 

<? 

“ 15, 

tt 

L 


tt 

23 

tt 

1 

d* 

“ 16, 

tt 

L 

June 23 



tt 

2 

9 


Chrysops niger Macquart. 

(Figure 7.) 

Mature Larva. — Length, (living), 10-11 mm., (preserved), 13-14 mm. 
Width, 1.8 mm. A pale yellowish white larva; pubescence brown; 
head pale, the skeletal portion of the pharyngeal capsule darker brown. 
Prothorax with anterior half finely pubescent; striae fine. Mesothorax 
with a rather narrow ring of pubescence, wider laterally; the striae fine 
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laterally, coarse dorsally and ventrally Metathorax much like the 
mesothorax ventral setae on the thoracic segments very fine. Abdomen : 
annuli indistinct, dorsally consisting of a double transverse row of 
scattered pubescence and setae becoming farther divided posteriorly; 
striae of abdomen coarse dorsally and ventrally, fine laterally; prolegs 
rather short, clothed with light setae, the dorsal pair joined in one 
transverse ndge Anal segment short, stout, sub-conical; scattered 
pubescence along the anterior margin, dorsally; posterior ring narrowest 
dorsally covenng the narrow part of the segment; ventrally, it reaches 
the anus and joins the anal pubescence the full width of the anus; 



Fig 7. Chrysops mger Macq. Lateral view of anal segment and siphon of larva. 
Magnified 44 diameters 

Fig 8 Chrysops mttatus Wied Lateral view of anal segment and siphon of 
larva Magnified 32 diameters 

dorso-laterally, a pair of prominent anterior projections, often of 
darker pubescence; just anterior and lateral to this, a round, dorso- 
lateral spot; these two are often jomed and the connection between the 
projection and the posterior ring broken, giving a hook-shaped dorso- 
lateral spot; laterally, there is a prominent anterior projection, often 
swollen at the end and separated from the anal pubescence by a distinct 
posterior projection of the clear area; setae very prominent around the 
apex of the anal segment and to either side of the anus. Siphon heavy, 
finely striated, faintly pubescent at base with a prominent, slender 
spine. Tracheal trunks heavy, white. Graber’s organ with three or 
four pairs of bodies 

'Ims species is much like C. wiedemanni Kr6b. but the posterior 
ring is separated from the anal pubescenoe laterally and there are no 
light dorso-lateral spots in the posterior ring. 
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Pupa. — Length, 11-12 mm. Frontal carinae absent, the frontal 
plate rounded with only the slightest indication of a pair of protuber- 
ances. Four or five spines to either side in the pre-anal fringe of the 
female; male with about 15 spines in the whole row. Aster con- 
siderably wider transversely than dorso-ventrally; the dorsal prongs 
run parallel to each other, the lateral pair extend widely to the sides, 
and the ventral pair are widely separated; all the prongs are separated 
from each other to some extent. The width of the pupal aster and the 
non-carinated front serve to distinguish this species from any other 
Chrysops pupa of which the writer knows. 

Range. — Nova Scotia, Maine, New York, Illinois, Tennessee, 
Georgia, Virginia. 

A common species throughout the State from late May to 
early August. It appears shortly after carbonarius and attacks 
man, cattle and horses. Ithaca — May 30th to July 10th. 

The larvae of this species are found in wet mud usually in 
unshaded places. They were collected from May 13th to June 
6th, eight of which were found in a boggy meadow fed-by springs, 
one at the margin of a swamp by a roadside, and another in a 
creek bank. 

Pupation occurred in the laboratory from May 18th to 
June 12th. The pupal period is long, about 14 days, and one 
remained as a pupa 17 days. The following table shows the 
variation, although the pre-pupal period was noted in only 
three. The pupal period of the others might have been even 
longer. 


Collected 

Stage 

Prepupa 

Pupa 

Adult 

Sex 

May 13, 1928 

L 

May 27 

May 29 

June 11 

9 

a 13, u 

L 

“ 25 

a 8 

& 

“ 13, “ 

L 


« 27 

« 7 

& 

“ 13, “ 

L 


J«ne 3 
May 18 

w 10 

9 

“ 13, a 

L 

May 14 

“ 1 

d 

a 13, a 

L 

“ 22 

a 8 

9 

« 27, « 

L 

June 8 

June 12 

“ 26 

9 

June 6, 1927 

L 

“ 11 

“ 19 

9 


Chrysops striatus Osten-Sacken. 

Mature Larva. — Length, (living), 12-13 mm. Pale yellowish or 
greenish-white; head and pharyngeal capsule pale brown; annuli pale 
and rather indistinct. Prolegs short with fine setae. Anal segment 
with a narrow posterior pubescent ring and markings as follows: (1) a 
pair of spots, joined to each other, close to the median line at the extreme 
base of the segment; (2) a pair of very small linear spots slightly more 
laterally and half way between the base and the apex of the segment; 
(3) nearly laterally, somewhat anterior to the latter spots, a pair of 
larger spots, somewhat linear and pointing antero-medianly; (4) a pair 



288 


Annals Entomological Society of America [Vol. XXIII, 


of slender lateral lines running forward past the widest part of the 
segment and loosely joined to the posterior ring; (5) a spot to each side 
of the anus; anus with a slight ring of pubescence around it; the anal 
pubescence not joined to the posterior ring. Tracheal trunks large. 
Siphon short, striated, with a very short spine. 

Pupa. — Length, 10-12 mm. Median frontal carinac of moderate 
size, rounded ; lateral pair scarcely visible. Pre-anal fringe in the 
female with five long spines to either side. Aster in the female with all 
the prongs very sharp, the dorsal pair close together, the ventral pair 
pointing nearly straight back; in the male, the dorsal and lateral pairs 
have slightly recurved tips and the prongs of the dorsal pair are quite 
widely separated. 

Range. — Ontario, Maine, Illinois, New Jersey, Mexico, 
Louisiana. 

This species is found throughout the State from late June 
to late August, being particularly abundant along the shore of 
Lake Ontario. It is only infrequently encountered in the vi- 
cinity of Ithaca, the writer having collected only three adults 
during the course of this study, in the latter part of July. 

Three larvae of this species were collected and reared to 
the adult state. They were all collected in mud, one near 
Canaan, Conn., and two others at Big Lake, Tully, N. Y. The 
following table gives the life history, as far as it was recorded, 
of these three. 


Collected 
June 30, 1927 
“ 12, 1928 
* 12 , « 


Stage Prepupa Pupa 

L 13 mm. June 12 June 13 

L tf 26 

L 12 mm. “ 29 


Adult 
June 19 
a 28 
“ 30 


Sex 
9 
c f 
<? 


Chrysops vittatus Wiedemann. 

(Figure 8.) 

Mature Larva. — Length, (living), 10--12 mm., (preserved), 16-17 mm. 
Width, 1.6 mm. Body creamy white, the annular pubescence very 
pale anteriorly, becoming slightly darker posteriorly; anal pubescence 
dark brown. Head and posterior part of the pharyngeal capsule 
brown. Prothorax finely striated, extremely so laterally; pubescence 
covering about three-fourths of the segment anteriorly, being slightly 
narrower dorsally. Mesothorax with anterior portion of the clear 
area coarsely striated, posterior part finely striated; dorsally, the 
pubescence is very narrow at the median line, running back to about 
one-half the length of the segment at the dorso-lateral line; laterally, 
the pubescent area is slightly narrower than the widest part of the 
dorsal pubescent area and is fairly uniform in length the width of the 
area; ventrally, the pubescent area is still narrower with a constriction 
each side of the median line leaving a rounded swelling medianly. 
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Striae and the pubescent pattern of metathorax as in the mesothorax, 
but as the segment is larger in diameter, the dorsal and ventral angles 
are not as acute; ventral seta very fine, black, those of the prothorax 
in the pubescent area. Abdomen: annuli very pale, the dorsal trans- 
verse non-pubescent area becoming wider and shorter posteriorly; 
the dorsal prolegs fused into one, slightly raised transverse ridge; 
lateral and ventral prolegs moderately prominent, clothed with short, 
pale setae. Anal segment with the posterior, slender part elongate; 
the dark brown posterior ring covers about one-half the segment mid- 
dorsally with a pair of triangular anterior projections dorso-laterally; 
ventrally, it covers the anal region; often a pair of small linear spots 
just lateral and anterior to the triangular projections of the posterior 
part of the posterior ring; a narrow anterior annulus dorsally; the 
narrow posterior part of the posterior ring often paler than the anterior 
part; siphon very slender, non-pubescent, finely striated, without spine 
but often with a few hairs near the tip. Tracheal trunks slender, pale 
brown in the anal segment and siphon, the rest white. Graber’s organ 
usually with four pairs of bodies. 

Pupa. — Length, 10-12 mm. Frontal carinac not very prominent, 
the median and lateral pairs both rounded, the latter somewhat smaller. 
Pre-anal fringe with four or five spines on each side in the female; in the 
male, about 15 spines all together. Aster; dorsal prongs small, sharply 
pointed; lateral pair largest, slightly recurved. 

Range . — Eastern North America from Quebec to Florida 
and west to Kansas and Iowa. 

This is the most abundant Chrysops in the vicinity of Ithaca 
and it causes more discomfort to one walking in the woods than 
all the other species combined. It also is very troublesome to 
cattle and horses. Hine, (1903a), writes, “The most abundant 
and widespread species in this section. The females are trouble- 
some to stock and are commonly observed on horses and cattle 
with their abdomens filled with blood. The males have been 
procured along the margins of ponds and on various kinds of 
flowers.” It is found throughout the state from the latter part 
of June through August. At Ithaca, it is particularly abundant 
in July. Ithaca — June 25th. to August 29th. 

The larvae are found in wet mud at the margins of ponds and 
streams. About fifty were collected during the course of this 
study in a number of different places in the vicinity of Ithaca 
and in northwestern Connecticut. The majority of places were 
quite shaded, but several were not. They were found in every 
month from May to November, being most abundant in May, 
August and September. 
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The larva of this species was described by Hart in 1895, 
the first Chrysops larva to be described. He found it in some 
abundance in the mud and matted vegetation of a weedy, 
swampy little stream. His description of the larva accords 
with the specimens the writer has obtained, with one exception. 
He wrote, “Respiratory tube whitish, spine sometimes pro- 
jecting.” We have carefully examined all the larvae and larval 
exuviae obtained and have found them all to possess the com- 
pressed type of posterior spiracle joined firmly to the integu- 
ment at the end of the siphon. 

Pupation in the laboratory occurred from March to July, 
most of it in late May and June. One prepupa was collected 
in the field on May 29th and a male emerged from it June 7th. 
The average pupal period in the laboratory was 13 days, with a 
range of from 8 to 18 days. This variation did not correspond 
to variation in temperature or in the time of pupation. The 
following table gives the rearing data of those larvae in which 


the prepupal stage was 

noted and of several others of interest. 

Collected 

Stage 

Prepupa 

Pupa 

Adult 

Sex 

May 

5, 1926 

L 

June 15 

June 19 

July 3 

dr 

a 

5, “ 

L 

“ 19 

• 21 

“ 4 

dr 

a 

29, 1927 

Pp 

May 29 

May 31 

June 7 

c f 

4t 

4, 1928 

L 

June 1 

June 2 

“ 14 

9 

41 

12, “ 

L 

« 2 

ft 3 

“ 16 

9 

44 

13, “ 

L 

“ 1 

* 2 

“ 16 

9 

a 

13, * 

L 

May 29 

w 1 

* 13 

& 

u 

13, a 

P 

May 27 

“ 11 

<? 

June 

16, 1926 

L 

June 28 

June 30 

July 10 

S' 

u 

16, “ 

L 

* 28 

* 30 

* 12 

9 

u 

6, 1927 

L 

* 11 

“ 14 

“ 1 

9 

u 

30, a 

L 

“ 11 

* 13 

June 23 

<? 

July 

26, “ 

L 

Died May 31, 1929. 


Aug. 

22, a 

L 

May 23 

May 29 

June 12 

cf 

Sejpt. 

Oct. 

17, “ 

L 

* 17 . 

“ 18 

« 2 

9 

17, « 

6, 1926 

L 

L 

April 8 
Mar. 12 

April U 
Mar. *17 

April 22 
Mar* 27 

9 

9 

Nov. 

3, “ 

L 



May 8 

9 


Chrysops wiedemanni Krober. 

(Figure 10.) 

Mature Larva. — Length, (living), 10-12 mm., (preserved), 13-15 mm. 
Width, 2 mm. A pale yellowish white larva; annuli pale brown, 
indistinct, the pubescence of the anal segment darker brown; head pale, 
part of the pharyngeal capsule brown. Anterior half of prothorax 
with pale pubescence; striae very fine; anterior pale annuli of the meso- 
and metathorax rather narrow dorsally, wider laterally. Abdomen: 
striae increasingly coarse from anterior to posterior; the annuli very 
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sparcely pubescent; lateral and ventral prolegs moderately projecting, 
clothed with pale setae; anal segment rather short, sub-conical; dorsum 
with a row of four pubescent spots along the anterior margin, the 
median pair sometimes fused; the posterior pubescent ring covers about 
one-half the segment mid-dorsally and becomes longer to cover the 
anus ventrally; a pair of small, anterior, dorso-lateral projections from 
it often darker in color; a pair of lateral and ventro-lateral lobes also 
present in many specimens; a distinct pair of dorso-lateral spots anterior 
and lateral to the dorso-lateral projections from the posterior ring; 
ventrally the posterior ring is pale except in the vicinity of the anus; 



Fir 9. Chrysops celer O -S Dorsal view of anal segment and siphon of larva. 
Magnified 21 diameters. 

Fig 10. Chrysops medemanm Krob. Dorsal view of anal segment and of siphon 
of larva. Magmfied 15 diameters. 

often a pair of minute, clear, dorso-lateral spots in the posterior ring. 
Siphon rather short, finely striated, pubescent at the base, with a short, 
sharp, exsertile spine and often a few hairs at the tip. Graber’s organ 
usually with four bodies. 

Pupa. — Length, 11-12 mm. The four frontal carinae very prom- 
inent, somewhat rounded. Pre-anal fringe with 12-15 spines in the 
male, 3-5 on each side in the female. Prongs of the aster prominent. 

Range. — Ontario, Quebec, Kansas, Ohio, North Carolina, 
Louisiana, Georgia. 

This is a common species throughout the State from late 
June to late August. Ithaca— June 26th to August 15th. It 
seems partial to woodland and readily attacks man and animals 
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in wooded regions. Hine (1903a) collected the males by 
sweeping along the margins of artificial lakes. 

About sixty larvae and pupae were collected in ten different 
places in central New York and Northwestern Connecticut. 
They were found both in the muddy banks of streams and at 
the margins of small ponds, but always in very wet places. 
The majority of them were found in May and June, but they 
were also collected on into September. 

One pupa was collected on June 19th in association with a 
number of larvae of the same species, in very wet mud, among 
cat-tails at the margin of a small pond. Four more pupae 
were collected on June 29th in a boggy meadow. Pupation in 
the laboratory occurred from April 8th to July 24th, the majority 
in late June and early July. The pupal period in the laboratory 
averaged 13 days. The following table gives the life history 
data on those larvae in which the pre-pupal stage was recorded 
and of the five pupae collected in the field. 


Collected 

Stage 

Prepupa 

Pupa 

Adult 

Sex 

May 

13, 

1928 

L 

June 

8 

June 

12 

June 

26 

& 

a 

13, 

a 

L 

May 

31 

u 

1 

u 

15 

<? 

a 

13, 

u 

L 

June 

11 

u 

13 

u 

26 

9 

a 

13, 

u 

L 

May 

31 

u 

1 

u 

14 

& 

u 

13, 

a 

L 

June 

11 

u 

13 

u 

26 

& 

a 

27, 

a 

L 

u 

14 

a 

15 

a 

26 

& 

u 

27, 

u 

L 

u 

11 

a 

13 

u 

26 


u 

27, 

u 

L 

u 

13 

u 

15 

u 

26 

9 

u 

27, 

u 

L 

u 

13 

a 

15 

u 

26 

S' 

a 

27, 

u 

L 

a 

13 

a 

14 

u 

26 

cT 

June 

5, 

1927 

L 

u 

17 

a 

20 

July 

1 

9 

« 

u 

30, 

19, 

« 

1928 

L 

P 

July 

8 

July 

June 

11 

19 

U 

June 

16 

30 

& 
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u 

29, 

« 

P 



U 

29 

July 

7 

d 1 

u 

29, 

u 

P 



« 

29 

u 

2 

9 
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29, 

u 

P 



X « 

29 

u 

1 

d* 

a 

29, 

a 

P 



U 

29 

u 

4 

cT 

Sept. 

3, 

1927 

L 

May 

20 

May 

21 

June 

7 

9 
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Goniops Aldrich. 

Goniops chrysocoma Osten-Sacken. 

Larva . — The larva of this species has been described in such detail 
by McAtee (1911), both in the first instar and when mature, that it 
will not be necessary for the writer to redescribe it here. 

Pupa . — This is also described in great detail by McAtee, in the 
same paper. 

Range . — New York, Ohio, Florida. 

This species is infrequently collected in July and August 
throughout the southern half of the State, its actual abundance 
being difficult to determine because of its retiring habits. 
It has never been known to feed on blood. Ithaca — August 8th 
to 15th. 

A female was discovered with her egg mass on August 9, 
1926 in a small clump of Fagus at the edge of the woods. The 
ground was quite dry then. The attention of the writer was 
drawn to the fly by the rattle of her wings and she was collected 
before the egg mass was seen. 

The egg mass, which was on the underside of a leaf about 
a foot from the ground, was taken to the laboratory. The mass 
was composed of three layers of creamy white eggs about 7 by 
8 mm. in diameter and 4 mm. high. On August 19th at one 
o’clock, the larvae began to emerge. It took about three minutes 
for an individual larva to free itself from the egg. 

The larvae were put in vials with soil from the place the 
eggs were collected and fed with small insect larvae and bits 
of worm, but gradually they died off. Cast skins were found 
and several reached a length, (preserved), of 3 mm., but by 
February 17th all of them had died. They were always 
extremely sluggish. 

On November 22, 1927, Dr. R. D. Harwood collected and 
preserved two Igrvae, 5 and 15 mm. in length, of this species. 
They were found in leaf mold on the side of a steep, wooded hill. 

Fdr a further discussion of the biology of this peculiar fly, 
one should consult the papers of Walton (1908) and McAtee 

(191 ji). 
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Tabanus Linn6. 

During the course of this study, Tabanus atratus was reared 
from the egg to the adult and bicolor , minusculus , nivosus , 
reinwardtii and trepidus from larva to adult. 

Key to Mature Larvce. 

This key includes those species reared by the writer and some 
other New York State species described by Hart (1895), Hine (1906), 
and Cameron (1926). Like the key to the Chrysops larvae, it must be 
used with caution. 

1. Anterior ring of prothorax widened laterally, covering more than half 

the lateral areas. (Fig. 12) 2. 

Anterior ring of prothorax not distinctly widened laterally. (Fig. 11) 5. 

2. Abdominal segments 1-7 with a dorsal median pubescent projection 

posteriorly from the anterior ring 3. 

Abdominal segments without a dorsal median pubescent projection from 
the anterior annulus 4. 

3. Pubescent areas dark brown; no terminal exsertile spine; dorso-lateral 

projections of mesothorax swollen posteriorly atratus . 

Pubescent areas paler; usually a terminal exsertile spine showing; dorso- 
lateral projections of mesothorax not swollen posteriorly stygius. 

4. Anterior abdominal annuli broad, a transverse non-pubescent area 

dorsally in each one; a distinct posterior annulus on most of the 

abdominal segments, especially the seventh reinwardtii. 

Anterior abdominal annuli narrow, with no transverse non-pubescent area 
dorsally in each one; posterior annuli of abdominal segments very 
narrow and irregular vivax. 

5. Posterior ring of anal segment absent or vestigial 6. 

Posterior ring of anal segment narrow but distinct 8. 

6. A lateral pubescent spot above the anus; annuli of meso- and metathorax 

and abdominal segments scarcely visible nivosus . 

No lateral pubescent spot above the anus; annuli of abdominal segments 
slender but quite distinct 7. 

7. Mature larva 17-19 mm. in length alive, 20-22 mm. preserved minusculus . 

Mature larva 22-25 mm. in length alive, 26-28 mm. preserved trepidus . 

8. Elongate dorso-lateral, posterior, pubescent projections from the anterior 

ring of the mesothorax * lineola. 

No elongate dorso-lateral posterior, pubescent projections from the 
anterior ring of the mesothorax 9. 

9. Anal segment with a distinct anterior ring of pubescence including the 

anus with two posterior lateral projections from it costalis. 

Anal segment without a distinct anterior ring t 10. 

10. Anal segment with slender, longitudinal pubescent spots dorsally and 

laterally bicolor. 

Anal segment without dorso-lateral spots, sometimes with a small, 
round, lateral spot septentrionalis . 


Tabanus atratus Fabricius. 

Larva. — Newly hatched. Length, (alive), 2.5 nun.; (preserved), 
3-3.5 mm. General color white; annuli pale brown; head light brown, 
the pharyngeal capsule dark. 'Prothorax with pale brown dorso- 
lateral pubescent projections from the anterior ring. Thorax and 
abdomen with tufts of bristles between the annuli and long setae ora the 
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prolegs. Anus dark with faint brown pubescence on each side. Graber’s 
organ with one pair of bodies. 

Mature . Length, (alive), 40-50 mm.; (preserved), 50-60 mm. 
Body hyaline with dark brown pubescent markings; mandibles and 
pharyngeal capsule black. Prothorax with an anterior, reddish brown 
annulus; from this runs a dorso-lateral longitudinal line about three- 
fourths the length of the segment and swollen behind; lateral areas 
pubescent over the anterior two-thirds or more of the segment; a 
ventro-median pubescent line from the posterior ring as long as the 
lateral pubescence; mesothorax with dorso-lateral, two lateral, and a 
ventro-lateral pair of projections back from the anterior ring, fused at 
the base laterally and not quite reaching the posterior margin of the 
segment; metathorax with same longitudinal lines as in the thorax, 
but longer and more slender, and a narrow posterior ring more or less 
joins them. Abdominal segments 1-7 with dorsal median projections 
from the anterior annulus; on the median segments, they nearly extend 
the full length and are often expanded posteriorly; dorso-lateral lines 
on abdominal segments 1-7, often broken on the median segments; 
indications of lateral and ventro-lateral lines, especially on the seventh 
segment. Dorsal prolegs short and rounded, lateral, ventro-lateral 
and ventral pairs more prominent, although not elongate, and provided 
with pale setae. Striae sparse dorsally and ventrally, very fine and 
close together laterally. Anal segment with a narrow anterior ring and 
a pair of small dorso-lateral spots joined to it; posterior to these, a 
pair of dorso-lateral spots formed by the fusion of two rather longitudinal 
spots; posterior ring rather narrow, joined to the anal pubescence by 
lateral bands of pubescence. Nearly all the longitudinal lines of the 
body are bisected longitudinally by a line of small non-pubescent 
spots. Siphon short and finely striated without a spine. Tracheal 
trunks large, white to the middle of the 7th abdominal segment, black 
dorsally posterior to that; they unite in a vertical spiracular slit. 

This larva has been described previously by Walsh (1863), Riley 
(1870), Hart (1895) and Hine (1906). 

Male Pupa, — Length, 30-35 mm. ; Width, 7-8 mm. Median frontal 
carinac prominent, overhanging the median cleft; lateral frontal carinae 
broad and less prominent; antennas and tubercles darker than the rest 
of the body. Fringes of spines on abdominal segments consisting of a 
row of short spines and just posterior to them a row of long spines, 
both longer on the posterior segments; long spines of dorsum of 7th 
abdominal segment consisting of one to each side of the mid-dorsal 
line and two or three at the sides. Terminal segment; dorso-lateral 
comb consisting of 7-9 spines of varying lengths; lateral comb con- 
sisting of 5 or 6 very short spines; pre-anal fringe consisting of 18-22 
long spines and several short ones; anus surrounded by prominent 
swellings; aster with a broad median part and rather short, sharp 
prongs, the dorsal and lateral pairs close together and separated from 
the ventral pair. 

Hart (1895) and Hine (1906) describe the pupa. 
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Range. — Nebraska, Quebec, Mexico, Texas, Florida. 

This species is collected throughout the State and according 
to Leonard, (1926), it is abundant, but it can hardly be called so 
in this region. The writer saw two in the three summers of 
work, both on cows. They are vicious blood-suckers of cattle 
and horses, but are never abundant enough to constitute a 
serious pest. Ithaca — June 28th to August 21st. 

The eggs are placed on grasses, sedges and other plants in 
marshy ground or along streams. The mass is large, very 
convex, and composed of several layers. When first laid, it is 
pure white and later turns brownish. 

An egg mass was collected by the writer on July 13th on a 
Typha leaf at the margin of a slow-running stream. The mass 
was made up of five layers of eggs, the whole mass coming to a 
point somewhat above the center. It measured 12 mm. long, 
6 mm. wide, and 6 mm. high, and was slightly wider than the 
leaf at the point of attachment. The eggs pointed up the stem 
at an angle of 45°. 

The eggs hatched on July 18th, at least 250 larvae emerging. 
Those were put in vials with sand and algae. They molted 
immediately after emerging and a number of cast skins were 
found. They were fed on insect larvae, earth worms and meat, 
mosquito larvae proving very satisfactory for the young larvae. 
As several were put in each vial, many cases of cannibalism were 
observed. A great variation in rate of growth was observed. 
Ten days after hatching, some were twice the size of others. 
On October 26th, the remaining larvae ranged in size from 14 to 
28 mm. On June 29th, the one remaining larva pupated and a 
male emerged July 10th. . 1 

Two larvae were collected in the field; one near the outlet 
of Big Lake, near Tully, N. Y. on June 12th, and the other, 
close to where the egg mass was found, on August 7th. The 
pupal stage is close to two weeks in length. 

Collected Stage Prepupa Pupa Adult Sex 

July 13, 1926 E. (Hatched July 18) June 29 July 10 d” 

June 12, 1928 L. July 23 July 24 Aug. 7 o' 

Tabanus bicolor Macquart. 

Mature Larva. — Length, (alive), 17-18 mm.; (preserved), 20-22 mm. 
Yellowish brown to nearly white in color; mandibles black, head reddish 
brown, pharyngeal capsule dark brown; annuli very pale and indistinct. 
Prothorax with a very slender, anterior pubescent annulus not widened 
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laterally, but with very narrow dorso-lateral and median ventral, 
posterior projections. Thoracic segments dorsally and ventrally non- 
striated, laterally striated. Abdominal segments uniformly quite 
strongly striated, the anal segment dorsally, especially so. Ventral 
and lateral prolegs short, rounded, with fine pale setae; the dorsal pair 
flat and fused without setae. Anal segment with a narrow posterior 
ring of dark brown pubescence, one or two pairs of very small, pale, 
dorso-lateral spots, anus surrounded by pale pubescence extending 
somewhat laterally of the anus. Siphon short, rounded, finely striated. 
Tracheal trunks large, white, darker in the anal segment and siphon; 
spiracular cleft yellowish brown. Graber’s organ usually with 6-8 
pairs of bodies. 

Pupa. — Length, 15-16 mm. Frontal carinae moderately prominent, 
the lateral pair scarcely separated from them. Anterior setiferous 
tubercles rather broad, projecting little above the surface of the head. 
Abdominal segments with the usual rows of spines. The area between 
the fringes of spines and the inter-segmental line posterior to it, very 
finely reticulated. Pre-anal fringe in female consisting of about five, 
short, stout spines on each side; in male about 20-24, long and slender 
in the middle, short and very stout laterally. No dorso-lateral or 
lateral combs. Aster broad, the lateral prongs heavy, the dorsal 
prongs widely separated and close to the base of the lateral prongs, 
smaller, and curving laterally at the tip; ventral pair very short. 


Range . — Canada, Illinois, New York, Maryland. 

This rather uncommon species is found throughout the 
southern part of the State from late June to late August. The 
writer failed to collect any adults during the course of this 
work. Hine, (1903), did not observe it annoying stock. 
Ithaca — June 30th to August 11th. 

Four larvae were collected. One was found in the muddy 
bank of a stream near Ithaca on Jun§ 17th, 1926. The other 
three were collected in mud at the margin of a small pond in 
an open pasture lot about twelve miles from Ithaca, on June 
17th, 1928. The pupal period in the laboratory was about 
ten days. 


Collected Stage 

June 17, 1926 L 

“ 17, 1928 L 


Prepupa Pupa 
July 13 

July 16 


Adult Sex 

July 25 9 

“ 26 c? 


Tabanus minusculus Hine. 

Mature Larva. — Length, (aTive), 18 mm. Body translucent, bright 
green; annuli quite distinct; the narrow posterior ring of the prothorax 
not widened laterally. Prolegs short with fine setae. Anal segment 
non-pubescent except for the anus and a narrow ring around it. Siphon 
short, finely striatal. Spiracular cleft pale brown. 
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Female Pupa. — Length, 15 mm. Frontal setiferous tubercles nearly 
absent, the setae coming directly from the surface of the head; the 
frontal carinae scarcely visible, the front of the head rounded. Dorso- 
lateral comb of terminal segment consisting of about seven rather 
short spines; lateral and pre-anal combs close together, each consisting 
of six or seven short spines. Aster with dorsal and ventral prongs very 
small, the lateral prongs large. 

Range. — Canada, Maine, Massachusetts, New York. 

This species appears to be quite uncommon in the State. 
No adults were collected by the writer. 

On May 24, 1928, Dr. Paul R. Needham gave the writer a 
larva which he had collected in sphagnum moss at the McLean 
Bogs. On June 27th, it had pupated, and on July 3rd, an adult 
female emerged. It was sent to Dr. Hine and determined by 
him. 


Tabanus nivosus Osten-Sacken. 

(Figure 11.) 

Mature Larva. — Length, (living), 25-28 mm., (preserved), 30-34 mm. 
General color pale yellow; head capsule reddish brown, mandibles 
brownish black; annuli very indistinct, there being only very sparse 
pubescence in the vicinity of the prolegs. Ventral thoracic bristles 
black, usually double. Prothorax with a narrow, yellowish anterior 
ring, slightly widened laterally. Dorsal and ventral areas of all the 
segments except the anal, non-striated; lateral areas very finely striated 
except on the prothorax, where the striae are quite coarse. Prolegs 
short, with fine yellowish setae. Anal segment coarsely striated on the 
wide, anterior part, quite finely on the narrower posterior part, there 
being an increase in the number of striae here and not solely a con- 
vergence of those on the anterior part. Anus finely pubescent, the 
anterior and posterior crescentic protuberances surrounding it covered 
with coarse, brownish black setae; laterally, just above the anus, a 
patch of rather coarse, yellowish brown pubescence. Siphon of moder- 
ate size, finely striated, and often provided with a few yellowish hairs 
at the tip. 

Pupa. — Length, 19-21 mm. Frontal tubercles moderately prom- 
inent, rugose, slightly oblique. Dorso-lateral and lateral combs of 
the terminal segment present, the former with longer and slenderer 
spines than the latter; pre-anal fringe in female consisting of 8-10 
slender spines on each side; in male of 25-30 all together. Aster with 
long lateral prongs, the dorsal and ventral pairs short. 

The larva and pupa of this species has previously been described in 
detail by Cameron (1926). 

Range . — Saskatchewan, New York, Ohio, New Jersey. 

This species is moderately abundant in the State in June and 
July. The writer collected one adult, the only one recorded 
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with a narrow anterior pubescent ring with a pair of dorso-lateral and 
a pair of ventro-lateral posterior projections; the area between these 
pubescent; a mid-ventral line as long as the others, none of them reach- 
ing the posterior margin of the segment; meso- and metathorax with a 
narrow anterior ring, wider laterally with a dorso-lateral, two lateral, and 
a ventro-lateral, slender, posterior projection on each side. Ventral 
thoracic bristles brownish. Abdominal segments 1-7 with annuli 
growing broader posteriorly, with a dorsal, transverse, non-pubescent 
area; these segments also with a posterior ring, widest on the seventh 
segment; abdomen with lateral areas more finely striated than the 
dorsal or ventral; prolegs quite short, tipped with fine yellowish or 
brownish setae. Anal segment with a series of four dorso-lateral spots 
often more or less fused; when separate, they consist of an anterior, 
rather median pair, a slightly more lateral and posterior pair, and two 
more, one behind the other, posterior to these; usually the latter three 
pairs are fused on each side giving an L-shaped mark with the short 
arm anterior and pointing laterally; from the rather narrow, but definite 
posterior ring a pair of pubescent lines run forward and then down, 
on each side, to join the pubescence of the posterior anal protuberance; 
anterior anal protuberance also distinctly pubescent. Anus quite 
prominent. Siphon about the length of the posterior ring, conical, 
finely striated, with a prominent, vertical spiracular slit. Graber’s 
organ usually showing one or two pairs of bodies in the sac and one to 
three bodies, in tandem, in the tube. 

Pupa. — Length, 23-25 mm. Yellowish or reddish brown in color. 
Median frontal carinae prominent, separated by a narrow cleft; lateral 
carinae smaller, closely joined to the median pair; area around carinae 
very rugose; frontal setiferous tubercles prominent. Abdominal 
spiracles quite prominent. Dorso-lateral comb of the terminal segment 
consisting of four or five spines; region of lateral comb indicated by a 
rugose swelling; pre-anal fringe in female consisting of four or five 
spines on each side. Aster broad, the prongs of moderate size, sharply 
pointed and slightly recurved at the tips; the dorsal pair extends nearly 
straight up and is about equal in size to the lateral pair; in the female, 
the ventral prongs are somewhat smaller than the others; in the male, 
the three pairs are nearly equal in size. 

The larva and pupa of this species has been previously described in 
detail by Cameron, (1926). 

Range . — Canada, Colorado, New York, Illinois, Maryland. 

This species is rather infrequently encountered throughout 
the State during the mid-summer. Although this was the most 
frequently collected Tabanus in the larval state, only one adult, 
and that a battered male, was collected during the course of 
this study. Cameron (1926) and Philip (1928) also found this 
disparity between the number of larvae and adults encountered. 
Cameron never found it attacking horses or cattle. Ithaca — 
June 25th-August 6th. 
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Cameron (1926) describes an egg mass laid by a reared 
female. 

Eighty or more half grown to fully grown larvae were 
collected in every month from April to December with the 
exception of October. Over half of these were collected in 
July. They were found in rather heavy mud close to the 
waters edge of a sluggish backwater fed by springs, of a rapid 
stream, and in a cat-tail bog. One was collected at the edge 
of a stream in a dense mass of willow rootlets. The larvae ate 
earthworms with great avidity and often attacked the worm 
the instant it was put in the jelly glass. Several times I have 
seen a larva seize a worm, hang on in spite of its struggles, 
and in a very short time cut the worm in two. 

Pupation occurred in the laboratory from May 24th to 
July 15th. The pupal period was about 17 days. The fol- 
lowing table gives the life history data of those successfully 
reared. 


Collected 

Stage 

Prepupa 

Pupa 

Adult 

Sex 

April 14, 1927 

L 



May 2. 

& 

May 12, “ 

L 


June 14 

July 1 

9 

“ 12, “ 

L 

June 14 

* 16 

“ 1 

d 

June 18, “ 

L 

“ 26 

w 1 

9 

Nov. 24, 1926 

L 

May 19 

May 22 

June 11 

d 

“ 24, “ 

L 

* 1 

d 

Dec. 1, “ 

L 

May 30 

June 1 

June 17 

9 


Tabanus trepidus McDunnough. 

Mature Larva. — Length, (living), 22-26 mm. General color bright, 
translucent green; annuli brownish; head brownish, the pharyngeal 
capsule black. Prothorax with a narrow anterior ring not widened 
laterally; finely striated laterally and ventrally; meso- and metathorax 
with a pubescent anterior ring and slender posterior projections at the 
dorso-lateral line. Abdomen finely striated throughout; anal segment 
with a narrow, dark posterior ring and a narrow ring of pubescence 
around the anus; otherwise non-pubescent. Siphon short, rounded, 
finely striated. Tracheal trunks brown through anal segment and 
siphon. Spiracular cleft dark brown. 

Pupa. — Length, 19-21 mm. Frontal carina; absent, the area between 
the antennae gently rounded with just a trace of a median groove. 
Frontal setiferous tubercles absent, the setae coming directly from the 
surface of the head; antenna? very flat, broad at the base, forming an 
equilateral triangle. Dorso-lateral comb of terminal segment of 4-5 
spines in the male, 2-3 in the female; lateral comb present in both 
sexes with 5-10 spines, usually more in the male; pre-anal fringe in 
male consisting of a row of long spines running from one lateral comb 
to the other. In the female, 7-10 on each side; aster with sharply 
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pointed prongs, slightly recurved at the tip; dorsal pair short, pointing 
straight up; latend pair very large, pointing up and back; ventral 
pair very short, pointing slightly up. 

Range . — British Columbia, Ontario, Nova Scotia, New York. 

This species is infrequently encountered in the cooler 
portions of the State in mid-summer. No adults were collected 
by the writer nor have any been recorded from Ithaca. 

Five larva; were collected in sphagnum moss in a small 
upland bog. They were extremely active and viciously attacked 
the writer, puncturing the skin and causing a sharp, stinging 
pain. They readily fed on earthworms. 

Pupation occurred in early July, the pupal period lasting 
12 to 13 days. The following table gives the data on the four 
successfully reared. The fifth pupated but failed to emerge. 
The specimens were determined by Dr. Hine. 


Collected Stage 

May 21, 1927 L 

“ 21, “ L 

“ 21, “ L 

“ 21, * L 


Prepupa Pupa 

June 9 
* 9 

June 9 “10 


Adult Sex 

June 21 

“ 21 c? 

« 23 9 

July 0 9 


Conclusions. 


A great deal remains to be learned in regard to the bionomics 
of the Tabanidae. Relatively few species have been studied 
with any degree of thoroughness and it is particularly important 
that the early stages should be sought elsewhere than in the 
vicinity of water. The way in which the larvae pass the winter, 
their food, their length of life and the number of molts all require 
further study. 

The larvae present a number -of characters of value for 
determination of the species, and as new larvae are described, 
the preceding imperfect key can be enlarged and improved. 

Finally, the writer wishes to acknowledge his particular 
indebtedness to Dr. Robert Matheson who suggested this 
problem and under whose kind and able direction it was carried 
out. To Dr. James S. Hine many thanks are due for the 
identification of several species and for many helpful suggestions. 
Also, the writer is grateful to Mr. Albert W. Force for the two 
drawings of posterior spiracles (Figures 3 and 4). To the many 
others who have shown an interest in the work and who have 
donated specimens, the author expresses his sincere gratitude, 
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INTRODUCTION. 

The family Cucujidas has attracted considerable interest 
because of the remarkable structural differences found in some 
of the genera This diversity of structure indicates that the 
family is a very old one which has lost many of the intermediate 
forms. Sharp and Muir (T2) found that the male genitalia of 
the Cucujidae are also very variable and for this reason they 
give the family a central position in the series Cucujoidea. 
A number of families are then derived from the Cucujidae, 
including the Coccinellidae and Endomychidae. In some cases 
the connecting links between the families are rather obscure. 
A study of the morphology of the Coccinellidae begun at North 
Carolina State College convinced me that a further study of 
the genitalia of the Cucujidae and the related families would 
probably clarify the relationship of these families. 

The venation of the wings of the Coleoptera was used 
successfully by Lameere (1900) and Ganglbauer (1903) in 
determining the phylogenetic position of the larger groups of 
the Coleoptera, but I have been unable to find any reference 
to a detailed study of the wings of the Cucujoidea. I have 
included a description of ‘the wings of these families in order to 
compare the results from the study of the two organs. 

■"Contribution from the Entomological Laboratory, Bussey Institution, 
Harvard University, No. 318. 


305 



306 


Annals Entomological Society of America [Vol. XXIII, 


SECTION I 

Comparative Study of the Genitalia of the 
Cucujhxe and Related Families. 

REVIEW OF PREVIOUS WORK. 

The first work on the subject of the genitalia of the Coleo- 
ptera was carried on by Verhoeff (1893) who studied the terminal 
abdominal segments, as well as the male and female genitalia 
of seventeen families. After a very detailed discussion of these 
parts Verhoeff concludes that the Coccinellidae are sufficiently 
distinct from the other Coleoptera to justify separating them as 
a suborder, Siphonophora, from the remainder of the Coleoptera 
which are included in the suborder, Asiphona. This view was 
very strongly attacked by Weise (1895) and Schwartz (1895). 
Verhoeff’s conclusions have received little attention in Europe, 
but Leng (1920) in his introduction to the “Catalogue of the 
Coleoptera of North America" states that he gives the Coc- 
cinellidae an isolated position with the hope that Verhoeff is 
partly correct. 

The first general survey of the male genital tube in the Coleoptera 
was published in 1912 by Sharp and Muir. These authors divided 
the Coleoptera into the eight series Byrrhoidea, Caraboidea, Cucujoidea, 
Staphylinoidea, Malacodermoidea, Tenebrionoidea, Scarabaeoidea, and 
Phytophagoidea. The more primitive type of aedeagus is found in 
the series Byrrhoidea, while two types of genitalia are found in the 
family Colydiid®. One type is characteristic of the Byrrhoidea, and 
the second characteristic of the Cucujoidea. The Cucujoidea is admit- 
tedly a series of heterogeneous nature subject to division. It is note- 
worthy that many of the families of the old series Heteromera are 
placed in the Cucujoidea, leaving the Cistelidee, Lagriidae, Monom- 
midae and Tenebrionidas as a homogeneous series called Tenebrionoidea. 

The series Caraboidea (Adephaga of other authors) is recognized 
as the most distinct and homogeneous series of the Coleoptera. The 
Cupedidae are shown to be distinct from the Caraboidea, and are placed 
in the series Byrrhoidea. The six series Caraboidea, Staphylinoidea, 
Malacodermoidea, Tenebrionoidea, Scarabaeoidea, and Phytophagoidea 
each have characters in common but each also shows a definite direction 
of progressive modification. 

Tanner (1927) made a study of the female genital tube and arranged 
the families much as Leng has arranged them in his catalogue of the 
Coleoptera. 

In preparing the material for this paper I made an effort to obtain 
female as well as mple specimens. After comparing the structure of 
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the females, however, I decided not to include them for the structure 
of the female tube differs very little among the genera of the Cucujid®, 
or between the Cucujidse and such families as Mycetophagidae and 
Erotylidae. The fact that the Endomychidas and Coccinellidae both 
showed a great shortening of the membranous ninth segment should be 
noted however. 

Since frequent reference is subsequently made to Boving’s division 
of the Cucujidae on larval structures I thought it advisable to include 
a r£sum£ of his results here. 

Bdving’s (1921) studies resulted in a division of the Cucujidae into 
four families. The family Silvanidae includes the following genera: 
Telephanus, Nausibius, Coccidotropus, Eunausibius, Oryzaephispus, 
Cathartus and Silvanus, which are distinguished from the Cucujidae 
by “absence of cerci. The eighth abdominal segment is normally 
developed; ninth, small, ventrally rudimentary; tenth, long, extending 
far behind the ninth segment; six ocelli.” The family Cucujidae 
possesses cerci, and is divided into two subfamilies Hyliotinae and 
Cucujinae. The Hyliotinae includes the genera Brontes and Den- 
drophagus, while Psammoecus, Pediacius, Platisus and Cucujus con- 
stitute the subfamily Cucujinae. A third faimily Laemophloeidae is 
distinguished by “Maxillary mala (possibly galea) obtuse, with or 
without well defined uncus, which when present is laterally placed on 
inside of mala.” The genera Prostomis and Dryocora (an Australian 
genus) are pkced together in the subfamily Prostominae. And Pros- 
tominia, Narthecius, Lathropus, Laemophloeus, Dysmerus, Hemi- 
peplus, and Inopeplus form a second subfamily Laemophloeinae. The 
genera Catogenus and Scalidia differ from the other genera to such an 
extent that Bdving gives them the family name Scalidiidae and places 
them with the larvae of the Cleroidea series. 


GENERAL MORPHOLOGY OF THE AEDEAGUS. 

When the abdomen of a generalized Coleopteron is examined, 
nine or ten tergites and nine stemites may be easily dis- 
tinguished. There are ten distinct tergites in Hippodamia 
convergens and Enarsus bakewelli. In the case of the latter 
species Sharp and Muir found ten stemites present. The 
anus opens on a small membrane between the tenth tergite 
and stemite so that the digestive tract is completely separated 
from the genital tube in Enarsus bakewelli. In the case of 
Hippodamia convergens and other members of the order the 
tenth stemite is reduced to such an extent that the anus is 
separated from the genital tube by a very short membrane 
which is continuous with the second connecting membrane 
(Pig. 52 CM2), connecting the aedeagus with the abdomen. 
The ninth stemite is a short segment bearing a spicule at the 
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anterior border. The attachment and shape of this spicule 
varies a great deal in different families. . Sometimes it appears 
to be a direct continuation of the ninth sternite, and in these 
cases it is usually a long slender chitinous process. In other 
cases it is located in the membrane between the ninth sternite 
and the second connecting membrane. 

In discussions of the abdomen and genitalia of the insects 
both morphologists and systematists have arrived at varying 
conclusions concerning the number of abdominal segments. 
Systematists usually limit themselves to numbering the seg- 
ments which are clearly visible. Disagreement on this point 
has arisen among the morphologists for various reasons, which 
are summarized by Newell (1918) as follows: “(1) Because of 
the loss of certain sclerites. (2) Because of differences in the 
point of view: viz. some investigators begin to count at the 
cephalic, while others begin at the caudal end of the abdomen, 
and still others do not correlate closely dorsal and ventral 
sclerites. (3) Because, undoubtedly, of failure to observe the 
sclerites present in the caudal region, due in many cases to the 
lack of potash or other suitable reagents and methods for 
exposing chitinized parts.” 

In the coleoptera the first two stemites have usually fused com- 
pletely with the third sternite, but in many cases vestiges of the first 
two stemites may be observed at the anterior border of the third 
sternite, and folded under the posterior coxae. One or two caudal 
segments are also usually withdrawn into the abdomen. Thus it is 
seen that the number of segments given for the Coleoptera by various 
investigators varies from eight to eleven. Peytoureau (1895) finds 
eight in Hydrophilus and nine in Dytiscus, Kolbe (1893) counts nine in 
the Lamellicomia, Verhoeff (1893-96) numbers ten in the families he 
studied, while Berlese (1903) concludes that eleven abdominal segments 
is the typical number for the Coleoptera in general. Muir (1915) 
states that nine segments are usually present though he found ten 
complete segments in Enarsus bakewelli. Newell (1918) emphatically 
states that eleven segments are present in Harpalus, and Cybister 
females with ten segments in the males of these two genera and in both 
sexes of Hydrophilus and Doryphoria. Doryphoria decemlineata lacks 
the tenth sternite, however. In the Coccinellidae and Endomychus 
biguttatus I have been able to count only ten tergites and nine stemites 
while in the Mycetophagidae, Cucujidae, Nitidulidas, Monotomidae, 
Phalacridae, Erotylidse, and Cryptophagidae nine complete segments are 
present. 

Eight tergites and six stemites are visible in the Coccinellidse and 
Endomychidse, the sixth visible sterjiite being in reality the eighth 
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sternite. The membrane connecting the ninth segment with the eighth 
is long, allowing the ninth and tenth segments to be withdrawn into 
the abdomen. As is illustrated in figures 37 to 53 tergite ten is closely 
attached to the irregularly shaped ninth tergite. The digestive tube 
opens at the posterior border of the tergite and is attached below to the 
second connecting membrane of the genital tube. The tenth sternite 
is absent and the second connecting membrane attaches to the posterior 
border of the ninth sternite. 

In the remainder of the families studied, the eighth sternite is with- 
drawn into the abdomen and in the case of the Cucujidae and Nitidulidae 
the eighth tergite is also concealed under the seventh tergite. The 
digestive tract then opens at the posterior border of the ninth tergite 
and the genital tube at the posterior border of the ninth sternite. 

The genitalia of insects are borne at the caudal end of the abdomen 
and the parts of the genitalia have been termed gonapophyses by 
Huxley. It would seem natural to homologize these appendages with 
the anlagen of the legs found on the terminal somites of the embryonic 
germ band, but there are two opposing views on this subject. 

The following investigators have considered the genitalia or gona- 
pophyses as developing from the abdominal anlagen of the legs: Weis- 
mann in 1866; Krapelin in 1872; Kowalewsky in 1872; Dewitz in 1875; 
Huxley in 1877; Chlodkowsky in 1891; and Wheeler in 1893. These 
authors differ, however, in the details of their explanation. 

Wheeler (1893) traced these anlagen to the time of hatching in 
Xiphidium and pointed out that Dewitz in 1875 had traced the develop- 
ment of the ovipositor in Locusts viridissima to the adult so that we have 
a complete history of the anlagen to the adult. Wheeler concluded 
that part of his discussion as follows: “While there can be no doubt 
about the appendages of the eighth and ninth segments which go to 
form the two outer sheaths of the ovipositor or sting the development 
of the innermost pair of blades is by no means so satisfactory. But 
whether this pair is only a portion of the ninth pair of appendages, 
as most authors claim, or represents the tenth pair of appendages, as 
I maintain, the main question at issue is in no wise affected; for it still 
remains true that the ovipositor consists oi two or three pairs of modified 
ambulatory limbs.” In the male Xiphidium Wheeler has shown that 
the appendages on the ninth segment persist to form the definitive 
style, while the appendages of the eighth and tenth segments disappear 
very early. Cholodkowsky (1891) had previously made similar observa- 
tions on Blatta. The style, therefore, must be considered homologous 
of the second pair of appendages. 

On the other hand, a number of authors are of the opinion that 
the gonapophyses are not homologous with the ambulatory appendages. 
Heymons is one of the stronger opponents of the view held by Wheeler 
and others. After a study of a large number of species of Locustidae, 
Gryllidce, and Hemiptera, Heymons published a r6sum£ of his work in 
1899 in which he concludes that it is a fundamental principle in insect 
embryology that there is no relationship between the anlagen of the 
ambulatory appendages and the gonapophyses. 
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Heymons maintains that the genitalia in Xiphiditim and other 
Locustidae begin developing at a very early period, erven before the 
atrophy of the anlagen of the segmental appendages. Heymons also 
claims that the very small size of the stemites in Locustidae would 
lead to a confusion of the embryonic limb-rudiments with the develop- 
ing gonapophyses. While in other forms where the stemites are larger, 
such as Lepisma saccharina and certain Hemiptera, Heymons asserts 
that the gonapophyses do not develop in the same region of the stemites 
where the anlagen of segmental appendages oc:ur. 

In spite of Heymons’ objections the majority of embryologists and 
morphologists believe the genitalia to be derived from the anlagen of 
the segmental appendages. In the Hymenoptera, Lepidoptera, and 
Diptera the anlagen on the eighth, ninth and tenth segments disappear, 
as well as those on the anterior segments. This has led some authors 
to suppose that the anlagen remain undeveloped until some later stage 
in development. This view is expressed by Korschelt and Heider (1892) 
as follows: “We should have to suppose, as Graber also has pointed 
out, an embryonic rudiment remaining for a considerable time in a 
dormant condition. On the whole, the embryonal data seem to sup- 
port the view of Balfour which Cholodkowsky adopted, and to which 
Graber was inclined, that the abdominal appendages of Lepidoptera 
and Hymenoptera are to be regarded as true limbs. We have already 
had several examples, in the Crustacea, of the disappearance and re- 
development of a limb and of a rudiment which has meanwhile been 
latent. A similar example is afforded among the insects by the thorasic 
limbs of many Hymenoptera. These appear as rudiments in the 
embyro, disappear later, and reappear in the imago.” 

In some Coleoptera no traces of the anlagen of the abdominal append- 
ages is found in the developing embryo. In describing the ontogeny 
of Doryphora Wheeler (1889) makes the following statement in regard 
to the abdominal anlagen of the legs: “In none of the preceding stages 
have I observed what is so prominent in Blatta, viz. the appearance of 
appendages on the abdominal somites. There are not the slightest 
traces of even the pair of appendages of « the first abdominal somite, 
which in Blatta develop into the large glandular organs of which I 
have treated elsewhere.” 

VerhoefI (1893-95) in his work on the genitalia of the Coleoptera 
and Hemiptera homologizes the median genital appendages with the 
distal segments of the legs, and the lateral gonapophyses with the coxae 
of these legs, therefore, regarding the origin of two pairs of genitalia 
from one pair of ambulatory appendages belonging to one somite, 
instead of from two pairs belonging to two successive somites, or in 
other words, from at least four isolated evaginations having no con- 
nection with the anlagen of the segmental appendages found in the 
embryo. 

Newell (1918) studied the morphology of four species of coleoptera 
with representatives of the other orders of insects. In this paper the 
genitalia are also homologized with the abdominal appendages of 
somites eight, nine and ten. The appendages are labelled I, II, and III. 
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and are considered to be derived from somites eight, nine and ten 
respectively. The sclerite labelled stemite 10 by Newell is the spiculum 
according to Sharp and Muir. Muir in 1915 has shown that this 
structure is developed during the pupal stage at the base of the second 
connecting membrane, and therefore can not be the tenth stemite. 
Newell labels the tubular portion of the aedeagus (equal to the median 
lobe of Sharp and Muir) as appendage III in Harpalus calignosus and 
Doryphora decendineata while in Cybister fimbriolatus the same part is 
labelled appendage II, and the outer lateral lobes are labelled III. 
It is not clear from the figures which part is considered appendage II 
or III in Hydrophilus. Appendages I and II are believed to be present 
in all four forms studied though appendage I is rudimentary in males of 
Doryphora and is completely absent in Harpalus calignosus . These 
conclusions are based entirely upon comparative morphology of the 
imago. 

Sharp and Muir (1912) give a completely different explanation of 
the origin of the genitalia after their study of the comparative mor- 
phology of the organ. They believed the genitalia to be developed 
as an invagination and chitinization of the membrane between the 
ninth and tenth segments and that no part of the stemites entered into 
the composition of the aedeagus. This explanation was more in accord 
with the observations on the embryology of the Coleoptera because 
none of the anlagen of the abdominal segments develop. Later Muir 
(1915 and 1918) studied the ontogeny of three species and found that the 
genitalia develop as they supposed from the membrane between the 
ninth and tenth stemites. 

The forfns studied by Muir were Rhabdomerus obscura , Coccinetto 
repanda , and Carpophilus humeralis. In the early stages of the male 
pupa of these species the testes are attached, each by a fine testicular 
thread, to a small mass of cells between the ninth and tenth stemites. 
This cellular mass forms an invagination which increases in size and 
grows into the body cavity. At the apex of this tube where the testicu- 
lar threads are attached another invagination takes place to form the 
ejaculatory duct. The membranous tube then evaginates and this 
evaginated portion forms the eurazygbs, while the proximal part of 
the membrane becomes the second connecting membrane attaching 
the aedeagus to the body. The first development of the eurazygos is 
the formation of the tegminal fold separating the median lobe from the 
tegmen. The tegmen becomes thickened and chitinized. From the 
anterior end of the tegmen the second connecting membrane is again 
invaginated to form the tegminal strut while from the posterior end 
the lateral lobes are formed as outgrowths from the tegminal fold. 
While this is taking place a construction is formed about the eurazygos 
beyond the tegminal fold, dividing it into two parts. . The basal portion 
lengthens and becomes chitinized, forming the median lobe. The 
apical portion becomes cruftipled and is later withdrawn into the median 
lobe as the internal sac. The median strut is developed as an out- 
growth from the base of the median lobe and becomes heavily chitinized. 

We may now discuss the general structure of the parts of the aedeagus 
of the forms studied. 
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In all cases except that of Carpophilus pallipenis the median lobe 
is well developed, more or less tubular, with a median orifice at the 
distal end and a median foramen at the proximal end. In many cases 
there is a median strut projecting from the proximal end of the median 
lobe to which muscles are attached. In the Nitidulidce and related 
families the median lobe is articulated to the tegmen on the ventral 
aspect and swings in and out of the tegmen. 

The tegmen in the generalized forms represented by the Myceto- 
phagidae consists of the basal piece and lateral lobes on the ventral 
aspect of the aedeagus. In such forms where there is no chitinous 
dorsal portion the second connecting membrane and the dorsal mem- 
brane of the tegmen are indistinguishable. But in a majority of the 
specimens the tegmen forms a complete ring around the median lobe 
The lateral lobes vary a great deal in position, being on the ventral 
aspect, at the sides, or on the dorsal aspect of the median lobe. 

The internal sac is comparatively simple in all of the specimens 
studied. In the simplest form it is a straight tube and can hardly be 
distinguished from the ejaculatory duct. In Glistrochilus fasciatus 
the internal sac is highly specialized, having the proximal end formed 
like a bulb, bearing chitinized side pieces and setae. A sh<3t curved 
flagellum is attached at the apex. 

The flagellum is an inconstant structure, present in some genera 
and absent in others. 


METHOD. 

All of the material used in the preparation of the genitalia were 
dried museum specimens, some of it being very old. In order to remove 
the aedeagus the specimens were placed in water and heated for ten 
or fifteen minutes. The elytra were then spread apart and the tegmen 
carefully separated from the sternum with a fine needle. In most 
cases it was only necessary to separate the last two or three tergites 
from the stemites. The genitalia and dried contents of the abdomen 
were then removed, and placed in a solution of caustic potash. After 
the muscles had been dissolved away the genitalia were mounted in 
balsam between small cover glasses. A hole was punched in a rectangu- 
lar piece of cardboard about .5 mm thick, and the bottom cover glass 
glued in place. The depression thus formed was filled with. balsam, 
and the aedeagus arranged in the desired position. The upper cover 
glass was then put in place, and a label placed on the opposite end of 
the cardboard. After drying, a pin was run through the cardboard 
and the mount was ready for study. This method has the advantage 
of making the genitalia readily available, and it obviates the danger 
of loss, which is considerable when very small specimens are being 
studied. If it becomes necessary to change the position of the aedeagus 
it was easily remounted by soaking the cover glasses off in xylol. 

All of the drawings were made with the camera lucida. In the 
case of the genitalia the line placed at the side of the drawing represents 
one-fourth of a millimeter, except in Glistrochilus obtusns and Languria 
bicolor where the line is drawn to represent one millimeter. 
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SPECIAL ANATOMY. 

MYCETOPHAGID.E. 

Mycetophagus flexuosus Say. Fig. 25. 

Median lobe (ML), tubular with a large oval median foramen (MF) 
at the proximal end, produced at each side of the median foramen to 
form two short strut-like projections which do not extend beyond the 
anterior border of the basal piece (BP). Median orifice (MO) a small 
circular opening at the extreme end of the median lobe. Internal 
sac (IS) a simple, tubular structure without flagellum or other modi- 
fications sometimes found in more highly evolved aedeagi. Tegmen 
composed of two parts, basal piece (BP) and lateral lobes (LL). Basal 
piece broad, extending beyond the median lobe for a short distance, 
transverse, rather broad, turned up at the sides so as to form a trough 
in which the median lobe rests. Lateral lobes attached to the basal 
piece by a thin membrane which allows movement of the lateral lobes. 
Thus we have the name trilobe applied to this type of aedoeagus. Lateral 
lobes (LL) enlarged and extending around the median lobe but not 
fusing on the dorsal surface to form a tube. 

Typhoea fumata (L.). Fig. 23. 

Median lobe (ML) as in Mycetophagus flexuosus , with the median 
foramen (MF) more elongate, median orifice (MO) at the extreme 
distal end of the median lobe. Basal piece (BP) broad and extending 
further around the median lobe than in the aedoeagus described above. 
Internal sac (IS) simple. Lateral lobes (LL) joined to the Basal 
piece as in Mycetophagus flexus. Lateral lobes almost contiguous on 
the dorsal surface. 

The type of aedoeagus found in the Mycetophagidae was 
designated as the trilobe type because of the intimate connection 
of the median lobe with the tegmen to form one component and 
the lateral lobe at each side of the" median lobe forming the 
other two components of the trilobe aedoeagus. 

CUCUJIDCE 

The genera usually placed together in this family show a 
very great diversity of structure in body characters. Such 
differences in external structure have caused some systematists 
to suggest that the family be divided. Boving (1921) recently 
published a plan for separating the group according to larval 
characters in which he recognizes four families. All of the 
genera available for dissection were studied in order to determine 
whether or not this division of the family would be substantiated 
or refuted by the evidence from the male aedoeagus. Fifteen 
of the twenty-two genera were dissected and figured. 
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It has already been pointed out in the case of the Myce- 
tophagidae that the tegmen is placed on the ventral aspect of 
the median lobe. This condition is also found in the Cucujidae 
for the lateral lobes rest upon the stemites, and are not upon 
the dorsal aspect of the median lobe as described by Sharp 
and Muir. This then obviates the necessity of explaining how 
the lateral lobes of the tegmen came to lie on the dorsal aspect 
of the median lobe if we are to derive the Cucujid aedoeagus 
from the trilobe type of aedoeagus. That the Cucujidae were 
probably derived from the trilobe type of aedoeagus is demon- 
strated by Hemipeplus and Dendrophagus. 

Hemipeplus marginipennis (Lee.). Fig. 16. 

Aedoeagus as long as the last two segments of the abdomen, very 
narrow and slender when compared with the aedoeagi of other genera. 
Median lobe (ML) a simple straight tube attached at the proximal 
end to the tegmen by a short connecting membrane. Median foramen 
at the extreme proximal end, large, oval in shape with the sides of the 
median lobe slightly produced. Median orifice (MO) a small rounded 
opening at the extreme distal end of the median lobe. Ejaculatory 
duct and internal sac undifferentiated. Internal sac small without 
flagellum. Tegmen consisting of broad rounded lateral lobes and a 
long Basal piece. The tegmen does not form a complete chitinous 
ring around the median lobe. Basal piece (BP) slender at the proximal 
end and extending slightly beyond the median lobe, becoming larger 
toward the middle and extending up around the median lobe; divided 
on the ventral side and continuing to slightly beyond the median lobe 
as two large lateral lobes, (LL). 

This aedoeagus like that of the Mycetophagidae is distinct 
from the other Cucujidae in that the tegmen does not form a 
complete ring around the median lobe. The median lobe 
itself is a simple tubular structure in the Mycetophagidae and 
in Hemipeplus. On the other hand the aedoeagus differs from 
the Mycetophagidae in that the lateral lobes are completely 
fused with the basal piece so that they seem to be continuations 
of the basal piece. 

Inopeplus reclusa (Lee.). Fig. 32. 

The aedoeagus of this form is very small and slender, measuring .5 mm. 
in length. Median lobe (ML) tubular, and straight with the small 
rounded median foramen at the extreme proximal end, and the small 
median orifice (MO) at the opposite end. Internal sac (IS) a simple 
straight tube without flagellum. Tegmen on the ventral side of the 
aedoeagus, not forming a ring around the median lobe; separated into 
two lateral lobes which extend a little beyond the end of the median 
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lobe. The tegmen bears at about the middle of each side a short 
projection which extends toward the mid-ventral line. 

Inopeplus immuada Reit. Figs. 26 and 27. 

Median lobe (ML) short appearing as a straight tube from a dorsal 
view but when observed from a lateral view it is seen to be curved at 
the middle and slightly expanded dorsoventrally with the median 
foramen in the form of a narrow slit-like structure. Median orifice (MO) 
a small circular opening at the distal end of the median lobe. Internal 
sac simple, tegmen about the same length as the median lobe, forming 
a groove-like receptacle for the median lobe; divided beyond the middle 
into two projections or lateral lobes. 

The aedoeagus of both I. reclusa and I. immunda have the 
tegmen located on the ventral side of the median lobe with the 
basal piece extending about two-thirds of the length of the 
median lobe, and divided into two lateral lobes beyond this 
point. The tegmen of Hemipeplus marginipennis is of similar 
structure, but the lateral lobes more nearly enclose the median 
lobe than in Inopeplus. The fact that the tegmen does not 
completely encircle the median lobe places Inopeplus with 
Hemipeplus near the Mycetophagidae. 

Prostomis mandibularis Fab. Fig. 28. 

Aedoeagus very small, flattened dorso-ventrally, 0.5 mm. in length 
which is very short in comparison with the length of the adult body. 
Median lobe (ML) about one-half as long as the tegmen, tubular, 
with the larger median foramen at the proximal end and the smaller 
median orifice at the opposite end; attached to the tegmen by a very 
short connecting membrane. Internal sac (IS) simple, without flagel- 
lum. Tegmen located ventrad of the median lobe and consisting of 
two parts the basal piece (BP) and lateral lobes (LL). Basal piece 
convex from a ventral view, distinctly separated from the lateral lobes 
by a more heavily chitinized area which extends along the mid line. 
Lateral lobes short prolonged into slender seta-like processes. 

Prostomis mandibularis like Inopeplus and Hemipeplus has 
an aedoeagus which is small with the tegmen not completely 
encircling the median lobe. Because of this general similarity 
Prostomis is placed near Hemipeplus and Inopeplus. But when 
we consider the details of the parts the aedoeagi are very different. 
In Prostomis, the basal piece is expanded and convex, the 
lateral lobes are produced into small seta-like projections, and 
the median lobe is only about one-half as long as the tegmen. 
In Hemipeplus and Inopeplus the basal piece is long and 
slender, the lateral lobes bear no setae of any kind, and the 
median lobe is almost as long as the tegmen. 
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Dendrophagus cygnaei Mann. Fig. 11. 

Aedoeagus flattened dorso-ventrally but rather long and broad. 
Median lobe (ML) not completely chitinized on the dorsal surface, 
tapering to a point on the ventral surface. Median orifice (MO) very 
large, elliptical in shape. Ventral surface of the median lobe produced 
into a long flattened median strut (MS) which extends a short distance 
beyond the basal piece. Internal sac (IS) simple, without flagellum. 
Tegmen ventrad of the median lobe and forming a complete ring around 
the median lobe. Basal piece (BP) long and broad, extending well up 
around the sides of the median lobe, with a short connecting piece 
across the dorsal surface. Lateral lobes broad and flattened, extending 
beyond the distal end of the median lobe, and bearing numerous setae. 

The tegmen of Dendrophagus is essentially similar to the 
tegmen of the trilobe type in Hemipeplus, both having the 
broad basal piece and the flattened lateral lobes on the ventral 
surface. The necessary changes required for the derivation of 
the Cucujid aedeagus from the trilobe type are a lengthening 
of the first connecting membrane between the median lobe and 
the tegmen, and a formation of a complete ring around the 
median lobe. The lengthening of the first connecting mem- 
brane does not take place in Dendrophagus. The ring around 
the median lobe is completed by a chitinization of the tegmen to 
form a short band across the dorsal surface. 

Brontes dubius Fabr. Fig. 8. 

Aedoeagus broad and flattened dorso-ventrally. Median lobe (ML) 
fusiform, with both distal and proximal ends pointed. Median foramen 
small, V-shaped and located on the dorsal surface. Median orifice a 
rather large opening on the ventral surface. Internal sac (IS) about 
three times as long as the median lobe, with four thickened areas on 
the walls of the portion inside the median lobe; expanded beyond the 
median foramen, and with small spines turned basad in localized areas. 
A long branched flagellum (F) at the proximal end. Surrounding the 
flagellum there are numerous set® which are turned toward the median 
orifice. Tegmen consisting of a broad chitinous area on the dorsal 
surface; ventral surface membranous, with only a short chitinized band 
to which the broad lateral lobes are attached. Lateral lobes on the 
ventral side of the median lobe and extending well beyond the median 
lobe. 

In this form the basal piece is very short while on the 
dorsal surface there is a broad flattened dorsal piece (DP). 
This is the exact opposite of the condition in Dendrophagus. 
The two genera Dendrophagus and Brontes are closely related 
when tlhe body structures are studied, being placed next to 
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each other by all systematists. That such a radical change 
should occur between the two genera seems remarkable for the 
number of species in both genera is small. Then it appears 
that the intermediate forms have disappeared. In Brontes the 
lateral lobes are broad and definitely separated from the tegmen 
by sutures. In Dendrophagus the lateral lobes are flattened 
and not separated from the tegmen. The internal sac of 
Brontes has attained a very complicated condition, with a 
branched flagellum present while the internal sac of Dendro- 
phagus is simple being unmodified in any respect. 

Brontes planatus (L.). Fig. 9. 

Aedoeagus short and flattened dorso-ventrally. Median lobe sharply 
pointed at the distal end, with a large oval median orifice on the ventral 
surface; produced at the proximal end into a median strut (MS) which 
tapers to a slender strut toward the distal end. Median foramen a 
large opening ventrad of the median strut. Internal sac slender, 
without thickened areas in the distal portion but with a long area near 
the middle which bears short tubercules; flagellum long and branched 
without seta? surrounding it as in B. dubius. Dorsal piece (DP) on the 
dorsal aspect of the aedeagus, broad, shallowly and broadly emarginate 
at the anterior margin. Lateral lobes attached to a very short chitinous 
band on the ventral aspect of the aedeagus; narrow and about two- 
thirds as long as the basal piece. 

The aedoeagus of the two species of Brontes are very similar 
in general shape and structure. They differ however in many 
minor points. The median lobe in B. planatus is produced 
into a broad median strut which is lacking in B. dubius. The 
basal piece is emarginate in B. planatus while it is rounded at 
the anterior margin in B. dubius. The internal sac is less com- 
plicated and the lateral lobes are narrower and shorter in 
B. planatus. 

Telephanus velox Hald. Fig. 3. 

Aedoeagus long and narrow, very compressed dorso-ventrally. Median 
lobe (ML) short, tapering to a point at the distal end, with the median 
orifice (MO) on the dorsal surface of the median lobe. Ventral edge 
prolonged into a long, slender median strut which is broadly expanded 
at the distal end. Median foramen (MF) a large oval opening dorsad 
of the median strut. Internal sac (IS) very long and slender, without 
a flagellum. Tegmen consisting of a broad band on the dorsal surface 
connected to the ventral portion by long narrow chitinous bands. 
Lateral lobes (LL) attached to a wider band on the ventral aspect of 
the aedeagus; broad, flattened, and extending well beyond the median 
lobe. 
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In this form the dorsal portion of the tegmen is much 
smaller than in Brontes and is placed in a much more anterior 
position, being connected by long narrow bands to the basal 
piece (BP). The median strut (MS) is very long and expanded 
in Telephanus while in Brontes it is short. The internal sac 
of Telephanus is long and slender, without flagellum; and in 
Brontes the internal sac bears tubercules and setae with a 
branched flagellum. In both genera the lateral lobes are broad, 
flattened and attached to a very short basal piece. 

Oryzaephilus surinamensis (L.). Figs. 6 and 7. 

Aedoeagus compressed dorso-ventrally. Median lobe (Fig. 7) 
rounded at the distal end, broadest at the middle, tapering from the 
middle to a point at the proximal end. The median strut (MS) rather 
broad, arising from the ventral surface of the median lobe; omitted in 
Fig. 7. Median foramen (MF) V-shaped. On the dorsal surface close 
to the median foramen there are two diverging rows of large stiff bristles 
which become shorter toward the distal end. Median orifice, a slit-like 
opening at the distal end between the flattened dorsal and ventral 
surfaces of the median lobe. Internal sac (IS) about twice as long as 
the median lobe, without flagellum. Tegmen consisting of a narrow 
band or basal piece, on the ventral aspect, to which the lateral lobes 
and the dorsal piece are attached. Lateral lobes long and broad, 
bearing long branched setae at the distal end; not separated by a suture 
from the basal piece. Dorsal piece connected to the basal piece by 
narrow chitinous bands. 

The aedoeagus of this and the preceding, form resemble each 
other very closely in the shape of the dorsal piece, undiffer- 
entiated internal sac, and in the similarity of shape of the 
median strut. 

Nausibius clavicomis (Kug ). Fig. 4. 

Aedoeagus long and compressed: Median lobe long and slender, 
with the distal end enlarged and rounded. The middle portion of the 
median lobe is narrow, bearing at each side a row of stout bristles. 
Between these rows of bristles there is a long, narrow, membranous 
area. Dorsal edge of the median lobe produced to form a short pro- 
jection; ventral edge continued into a long median strut (MS) which 
is expanded at the distal end. Internal sac simple, without flagellum; 
about three times as long as the median lobe. Tegmen consisting of 
the short basal piece, lateral lobes and dorsal piece. Basal piece (BP) 
short and flattened, truncate at the anterior border; anterior border, 
emarginate between the lateral lobes. Lateral lobes shorter than in 
Oryzaephilus. Dorsal piece (DP) long and narrow, placed some distance 
from the basal piece to which it is connected by long, narrow, chitinqus 
pieces. , 
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The aedoeagus of this form like Oryzaephilus has two rows 
of stout bristles on the dorsal surface of the median lobe, though 
in different positions in the two genera. In Nausibius the 
bristles are at the sides of the median lobe while in Oryzaephilus 
the bristles are near the middle of the dorsal surface. As to 
the possible uses or function of these bristles I am unable to 
make any suggestions. The lateral lobes of Oryzaephilus are 
fused completely with the basal piece while in Nausibius the 
lateral lobes are separated from the basal piece as in Brontes 
or Telephanus. The median strut in Telephanus, Oryzaephilus 
and Nausibius is long slender and expanded at the distal end. 
The internal sac is also long and without a flagellum in these 
three forms. 

Cathartus opaculus (Lee.). Figs. 1 and 2. 

Aedoeagus small, very greatly compressed. Median lobe (ML) 
enlarged at the distal end; distal border thickened and forming a tooth- 
like projection at the middle. Median orifice a broad crescent-shaped 
opening on the ventral surface. Median lobe constricted, forming a 
median neck-like connecting area between the distal and proximal 
ends; proximal end expanded with the median foramen on the dorsal 
surface and a slender median strut (MS) continuous with the ventral 
edge. Internal sac simple, without flagellum. Dorsal piece of the 
tegmen broad and rather long. Side pieces, connecting with the 
basal piece, short. Basal piece, on the ventral aspect of the Aedoeagus, 
not as wide as the expanded part of the median lobe. Lateral lobes 
fused to the basal piece, very short and small with only two setae at the 
end of each lateral lobe. 

The aedoeagus of this form belongs to the Telephanus, 
Oryzaephilus, and Nausibius group because the lateral lobes 
and basal piece are on the ventral aspect of the median lobe, 
the median strut is on the ventral surface of the median lobe 
and the internal sac is long and simple. 

Silvanus bidentatus Fab. 

Aedoeagus small, resembling Cathartus very much. Median lobe 
broadly rounded and more heavily chitinized at the distal end with the 
median orifice on the ventral surface: not constricted at the middle as 
in Cathartus. Median foramen on the dorsal surface with the median 
strut projecting from the ventral margin. Median strut about the 
same length as in Cathartus. Internal sac simple without flagellum. 
Dorsal piece large, rectangular in shape, with short side pieces con- 
necting it to the basal piece on the ventral surface. Basal piece very 
short consisting only of a band to which the narrow, curved lateral lobes 
are attached. Lateral lobes bearing two small setae at the distal end. 
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The aedoeagus of Silvanus and Cathartus have a large 
dorsal piece, and a very short basal piece to which the lateral 
lobes are attached. These characters indicate that the two 
genera are also closely related to Brontes. But as has already 
been pointed out in connection with Cathartus both Silvanus 
and Cathartus may be included in the group with Telephanus. 
The aedoeagus of the five genera, Telephanus, Nausibius, 
Oryzaephilus, Cathartus and Silvanus shows that this is a 
distinct and homogeneous group. 

Laemophloeus liquidus Csy. Figs. 13 and 14. 

Aedoeagus of this form, small and rounded. Median lobe (ML) 
a broad somewhat flattened structure, very irregular, with a median 
groove on the ventral surface. Median foramen large, rounded, located 
at the proximal end of the median lobe. Distal end of the median lobe 
very irregularly formed with the dorsal surface produced at the middle 
of the anterior margin to form a pointed end. Median orifice ventrad 
of this point. Internal sac simple, without flagellum. Tegmen con- 
sisting of a broad dorsal piece and a smaller basal piece. Dorsal piece 
broad almost entirely covering the median lobe, only a narrow band 
around the border chitinous, the central part being membranous, 
broadly joined to the basal piece. Basal piece short, pointed at the 
anterior margin; bearing at the distal margin a heavily chitinized area 
which has two pair of heavy teeth one above the other. The dorsal 
pair is longer and conceals the ventral pair from a dorsal view. These 
heavy tooth-like structures are the only structures which can be com- 
pared with the lateral lobes of other forms. It seems improbable to 
me that these structures are homologous with the lateral lobes of 
Brontes. 

The aedoeagus resembles Brontes in its relationship of 
tegmen to the median lobe, for the large membranous piece is 
on the dorsal aspect of the aedoeagus 1 and the piece bearing the 
tooth-like structures is on the ventral surface. The Laemo- 
phleous and Brontes aedoeagus may possibly have been derived 
from a common ancestor which has disappeared. In other 
respects the aedoeagus is entirely different from the other 
specimens studied. 

Cucujus clavipes Fabr. Fig. 5. 

Aedoeagus long and slender, extending- almost the whole length of 
the abdomen. Median lobe (ML) short and tubular with a large oval 
median foramen on the dorsal surface, and a long flattened median 
strut (MS) continuing from the ventral margin. Median orifice at 
the distal end of the median lobe which has two flap-like pieces folded 
back from the ventral margin into the median lobe; dorsal margin 
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deeply emarginate at each side so that the median portion is left as a 
short, narrow, projection. Internal sac (IS) as long as the median 
strut; containing a flagellum (F) which is almost as long as the internal 
sac. The basal piece of the tegmen is small, short, and narrowed toward 
the posterior border. Lateral lobes attached to the posterior margin 
of the basal piece, tubular in shape, short, each bearing two very long 
setae and numerous shorter ones at the distal end. Dorsal piece located 
on the dorsal aspect of the aedeagus; reduced to a long, slender tegminal 
strut (IS) which is connected to the basal piece by two long, narrow 
chitinous bands. 

Cucujus clavipes puniceus Mann. 

The aedoeagus of this form resembles that of C. clavipes very closely 
in all of the structures as is to be expected in a subspecific form. The 
aedeagus of C. puniceus is distinguished from C. clavipes by the fact that 
the median lobe and lateral lobes are slightly longer in the case of 
C. puniceus. 

The exceptional length of the aedoeagus of these two forms 
immediately sets it off from the forms previously described. 
Such a length of aedoeagus is only approached by Catogenus 
rufus . Aside from the extreme length of the aedoeagus the 
small basal piece with the rounded lateral lobes bearing two 
long setae and the long tegminal strut are characters which 
distinctly separate the Cucujid aedoeagus from the aedoeagus of 
Brontes, Telephanus, and other genera of the family. It 
becomes clear then that the position of the basal piece on the 
ventral aspect of the median lobe is a family character common 
to all of the forms included in the family Cucujidae. 

Pediacius fuscus (Lee.). Fig. 15. 

Aedoeagus long but not as slender &s in Cucujus. Median lobe 
long, slightly curved toward the distal end with a membranous area (A) 
on the ventral surface and at the curve. Proximal portion of the median 
lobe prolonged and tapering to a rounded point at the proximal end. 
Median foramen (MF) occupying a large portion of the dorsal side 
of this prolonged area. Median orifice (MO) large, oval in shape, 
located on the dorsal surface of the median lobe. Ventral surface 
rounded and deeply emarginate. Internal sac (IS) large, resting in 
the trough-like proximal portion of the median lobe, with three areas 
of short spines; without flagellum. Basal piece forming a rather close 
fitting cap-piece around the ventral and distal portion of the median 
lobe, bearing at the end two short rounded lateral lobes. Lateral 
lobes articulating with the basal piece in socket-like depressions, with 
setae at the distad end. Basal piece connected to the broad ventral 
piece of the tegmen by narrow membranous bands. Dorsal piece 
broad, tapering to a sharp point, covering a large part of the median 
foramen. 
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The tegmen of Pediacius is broader and more completely 
encloses the median lobe than in Cucujus. In Pediacius the 
dorsal piece is broader than the median lobe and covers over 
a large portion of the median foramen and the basal piece 
encloses the distal portion of the median lobe. In Cucujus 
the dorsal piece is only a narrow strut-like process, and the 
basal piece is a very small area on the ventral aspect of the 
median lobe. The median foramen of Pediacius is also much 
larger than that of Cucujus. The lateral lobes however are 
about the same size and articulate in socket-like depressions 
of the basal piece. 

It must be remembered, however, that these likenesses are 
comparative, for the aedeagus of Pediacius actually measures 
1.2 mm. while that of Cucujus measures 4.6 mm. in length. 

Catogenus rufus Fab. Fig. 17. 

Aedoeagus longer than the abdomen, and very slender. Median 
lobe tubular, anterior half of the tube straight with a large median 
foramen at the proximal end. Median strut (MS) on the ventral 
surface, narrow, longer than the abdomen and doubled back so that the 
proximal end almost reaches the median lobe. Distal half of the median 
lobe slightly larger, widest near the point of enlargement, gently curving 
to a rounded apex. Median orifice a large opening on the ventral 
surface. Internal sac (IS) about one-half as long as the median strut, 
with a flagellum which does not quite reach the median foramen. 
Ejaculatory duct at the apex of the internal sac, very long, small, and 
coiled in a spiral. Dorsal piece of the tegmen broad and covering the 
anterior half of the median lobe; trapezoidal in shape, widest at the 
base, sides straight and converging toward the apex. Basal piece 
on the ventral aspect of the aedeagus; small, connected to the dorsal 
piece by short chitinous bands. Lateral lobes flattened, extending 
slightly beyond the apex of the median lobe. 

The broad dorsal piece, the small basal piece and the 
flattened lateral lobes resembles Brontes more closely than 
any other form in the family. When the tegmen of the two 
are compared it will be noted that the dorsal piece of Brontes 
is more nearly rectangular and that the lateral lobes are more 
widely separated. 

Platisus sp. Fig. 10. 

Aedoeagus slightly compressed laterally and about two-thirds as 
long as the abdomen. The median lobe is divided into a proximal 
and distal portion by a strong elbow curve. The proximal portion is 
gently curved, about one-third shorter than the distal portion, and is 
open on the dorsal surface for its entire length to form the median 
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foramen (MF). The proximal end of the internal sac (IS) is folded 
into this open area of the median lobe. The distal portion is also gently 
curved; produced on the dorsal surface beyond the median orifice to a 
rounded point. The median orifice is then located on the ventral 
surface. The internal sac (IS) bears short tubercules at the proximal 
end, but is without a flagellum. Basal piece (BP) short, located above 
the median orifice. The tegmen is completed by two narrow, long 
bands which extend anteriority from the angles of the basal piece and 
form a slightly larger area at the elbow curve of the median lobe. The 
lateral lobes (LL) are short and flattened bearing numerous set® at 
the distal end; distinctly separated from the basal piece by a suture 

The aedoeagus of this form is slightly compressed latefally 
and is gently curved so that it rests on the left side with the 
basal piece and lateral lobes turned toward the left side of the 
body. I have been unable to observe the position of the aede- 
agus when in copula, but I have described the basal piece as 
being ventrad of the median lobe as is the case in other species 
of Cucujidae. In other respects the aedoeagus is comparable to 
that of Pediacius, particularly in the structure of the proximal 
portion of the median lobe, the long median foramen, and the 
internal sac with the short tubercules on the proximal portion 
of the wall. 

The quebtion of the orientation of the tegmen is an important 
one, for, if the tegmen is dorsad of the median lobe instead of 
ventrad, as I have described it, the aedoeagus would show closer 
affinities to the Cryptophagidas than to the Cucujidae. 

NITIDULID.*. 

Carpophilus pallipennis (Say). Fig. 30. . 

Median lobe (ML) short and difficult to observe from a dorsal 
view, though its outline can be determined clearly from a lateral view; 
dorsal surface prolonged at the distal end with the oval median orifice 
(MO) on the ventral surface; truncate at the proximal end, with the 
median foramen (MF) occupying the entire end. Median strut (MS) 
attached at the dorsal surface of the median lobe, long, and slender with 
the proximal end slightly enlarged. Internal sac (IS) a simple tubular 
structure without modifications of any kind. Tegmen (TG) composed 
of two heavily chitinized pieces (which appear to be homologous with 
the lateral lobes of the Mycetophagidae) fused together on the dorsal 
surface and united on the ventral surface by a short flattened tegminal 
strut (TS). Median lobe swinging in and out of the lateral lobes in a 
broad arc being pivoted by a shorter connecting membrane on the 
ventral surface and a longer membrane on the dorsal surface. 

The aedoeagus of this form is peculiar in that the tegmen 
is a rather large piece fused at the base and divided apically. 
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Lobiopa setosa Hald. Fig. 34. 

Median lobe (ML) short, slightly flattened dorso-ventrally, tapering 
to a point at the distal end and with the large transverse median orifice 
on the dorsal surface; truncate at the proximal end. Median foramen 
large, oval in shape. Median strut (MS) attached at the dorsal surface, 
slender, about three times as long as the median lobe. Internal sac 
(IS) extending to near the end of the median strut, with a short flagellum 
(F) at the proximal end. Tegmen composed of a broad flattened 
basal piece (BP) on the dorsal side of the aedeagus, connected across 
the ventral surface by a very short, chitinous band. Basal piece 
broad, curving around the median lobe at the proximal end; flattened 
at tjie distal end, and slightly emarginate. Also two short stiff bristles, 
and numerous finer setae. Median lobe swings in and out of the basal 
piece as in Carpophilus. 

Lobiopa setosa has many characters which mark it as a 
transitional form between Carpophilus and Glistrochilus. In 
the first place the internal sac in Glistrochilus is simple, in 
Lobiopa the internal sac has a short flagellum at the proximal 
end. The side pieces of the tegmen of Carpophilus have moved 
around more to the dorsal surface, and have almost completely 
fused in Lobiopa. The median lobe has been lengthened in 
Lobiopa. The ventral surface of the aedeagus of Lobiopa is 
produced so that the median orifice is on the dorsal surface 
instead of on the ventral surface as in Carpophilus. 

Glistrochilus obtusus (Say). Fig. 33. 

Median lobe short, and sharply curved, flattened at the distal end, 
and rounded at the proximal end, truncate at the proximal end, with a 
large median foramen (MF). Median strut (MS) attached at the 
dorsal surface, very long, and slightly enlarged at the distal end. Median 
orifice (MO) on the dorsal surface, extending along the curved part of 
the median lobe almost to the distal eild. Internal sac as long as the 
median strut, with the proximal end enlarged to form a bulbular struc- 
ture with chitinized structures at the sides. Ejaculatory duct entering 
at side and projecting into the internal sac. Setae numerous, arranged 
in a band at one side of the internal sac. Tegmen consisting of the 
large Basal piece (BP) and a short chitinous band across the ventral 
surface which is slightly produced at the center to form a short tegminal 
strut (TS). Basal piece curved to fit over the median lobe; rounded 
and somewhat flattened at the distal end, bearing numerous setae. 

The median lobe of this species is very much larger than in 
Lobiopa and is strongly curved. The internal sac is enlarged 
at the proximal end and contains a large chitinous area with 
the ejaculatory duct projecting into the internal sac as a curved 
piece, while in Lobiopa the flagellum is not very large or com- 
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plicated in structure. The Basal piece is a single enlarged 
piece in which the fusion of the side pieces is complete. 

Glistrochilus fasciatus (Oliv.). 

Median lobe short and curved, but more gradually curved than in 
G. obtusus; median orifice extending to the distal end of the median lobe. 
Median foramen and median strut as in G. obtusus. Internal sac with a 
large irregular structure at the proximal end, the flagellum. This 
flagellum almost completely fills the internal sac. Proximal end of 
the internal sac not enlarged to form a bulb-like structure. Median 
lobe hinged to the basal piece as in G. obtusus and the other two genera 
of the family. 


MON OTOMID2E. 

Monotoma products (Lee ). Fig. 35. 

Aedoeagus slightly flattened dorso-ventrally and rather broad for 
its length. Median lobe (ML) short, and broad, truncate at the proxi- 
mal end with a broad median foramen (MF) which receives the rather 
large internal sac (IS). A long median stmt (MS) projecting from 
each side of the median lobe; median struts slender, about three times 
as long as the median lobe. Distal end of the median lobe emarginate 
at the middle of the ventral surface, which is slightly longer than the 
dorsal surface. Median orifice (MO) wide, located on the dorsal 
surface. Internal sac (IS) much longer than the median lobe with a 
thickened area at about the middle. Ejaculatory duct entering the 
internal sac and continuing as a spiral flagellum which extends into the 
internal sac for about one-fifth of its length. Basal piece (BP) flattened, 
not closing around the median lobe; extending beyond the median lobe 
and broadly rounded at the apex; without setae. 

The aedoeagus of this form is very much like that of Lobiopa 
in that both aedoeagi are flattened with short median lobes 
which are truncate at the proximal end and median orifice on 
the dorsal surface. The basal piece of both are flattened and 
shaped much alike though there is a deep median emargination 
in the basal piece of Lobiopa. Basal piece of Monotoma with- 
out setae. The aedoeagus of Monotoma is readily distinguished 
by the two slender median struts, the thickened area in the 
internal sac, and the spiral flagellum at the proximal end. 

PHALACRID.®. 

Phalacrus seriatus (Lee.). Fig. 29. 

Aedoeagus rather large when compared with Monotoma. Median 
lobe (ML) rounded, tubular, decidedly curved near the proximal end, 
with a very large median foramen (MF) on the ventral surface; dorsal 
edge produced into a broad truncate area. At the distal end the ventral 
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edge of the lobe projects beyond the dorsal edge, thus placing the median 
orifice on the dorsal face at the apex. Internal sac (IS) long, simple, 
without flagellum or other structures. Basal piece a single chitinized 
structure which partially encloses the sides of the median lobe; anterior 
angles connected across the ventral surface by a very short chitinous 
piece. Median lobe attached to the ventral piece by a short first 
connecting membrane so that it swings away from the basal piece in a 
short arc. Dorsal portion of the connecting membrane longer than 
the ventral portion. 

The aedoeagus of this family is distinct from that of the 
Nitidulidae in that the median lobe is slender, tubular, not 
truncate at the proximal end, and without a median strut. 
They are similar in that the basal piece is a single piece without 
lateral lobes or setae. The median lobe is also attached to the 
tegmen in the same manner in the two families. 

EROTYLIDiE. 

Languria bicolor Fab. Fig. 36. 

Aedoeagus slightly compressed laterally, almost as long as the 
abdomen. Median lobe (ML) small, tubular sharply curved near the 
proximal end. Median foramen a large circular opening at the proximal 
end of the median lobe. Median strut slender, longer than the median 
lobe, not suddenly expanded at the end. Distal end of the median 
lobe truncate, with the oval median orifice (MO) at the extreme end. 
Internal sac (IS) about twice as long as the median lobe with a slender 
chitinous flagellum arising at the proximal end which is about half as 
long as the sac. When at rest the internal sac is withdrawn into the 
body so that the flagellum is not enclosed by the median lobe. Tegmen 
consisting of a small basal piece (BP) placed at about the middle of 
the median lobe; and long narrow arms connecting the small ventral 
piece (VP) to the basal piece. Basal piece small, short, with two long 
slender lateral lobes ('LL) attached at the distal margin. Lateral 
lobes bearing a number of long setae. # » 

The aedoeagus of this form is very different from that of 
the Nitidulidae. The median lobe in Languria is much longer, 
more sharply curved, and is more in the shape of a slender tube 
that in the Nitidulidae. The median orifice in Languria is 
terminal but in the Nitidulidae it is dorsal in position. The 
most pronounced difference is that the basal piece in LAnguria 
bears two long lateral lobes while in the Nitidulidae the basal 
piece is large and forms a cap-piece about the median lobe. 
The internal sacs of the two forms are quite distinct for in 
Glistrochilus (the most highly developed Nitidulid) the proximal 
end is bulb-shaped; contains chitinous pieces, and a short 
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flagellum. In Languria the internal sac itself is without 
setae or other structures except the long slender flagellum. 

Erotylus diviiris (Lee.). Fig. 21. 

Aedoeagus slightly compressed laterally resembling closely the 
aedeagus of Languria. Median lobe tubular, curved, truncate at the 
proximal end, with a long slender median strut (MS) projecting from 
the dorsal margin. Median foramen (MF) large and circular. Ventral 
margin of the distal end produced and pointed with the median orifice 
(MO) on the dorsal surface. Internal sac (IS) only a little longer than 
the median lobe with the slender flagellum (F) enlarged and divided into 
two equal prongs at the proximal end. Basal piece (BP) almost as 
long as the median lobe, and extending around the sides of the median 
lobe. Ventral piece of the tegmen broad, produced anteriorly so that 
it almost completely covers the median orifice. Lateral lobes (LL) 
at the distal end of the basal piece, bearing numerous setae. 

In view of the great diversity of body structure of the two 
forms Erotylus and Languria it is rather remarkable that the 
aedoeagi should agree so closely. The general shape and struc- 
ture of the two are very similar. The median lobe of Erotylus 
is, however, larger in diameter and is almost straight with the 
median orifice on the dorsal surface while in Languria the 
median lobe is smaller, strongly curved with both the median 
foramen and median orifice at the ends of the median lobe. 
The tegmen of Languria is much smaller with the lateral con- 
necting pieces very slender and longer than in Erotylus. The 
lateral lobes are distinctly separated from the basal piece in 
both genera while they are much longer in Languria than in 
Erotylus. The internal sac of Erotylus is much shorter than 
in Languria and the flagellum is branched at the proximal end 
in Erotylus. 

Triplax thoracica (Say). Fig. 20. 

Median lobe (ML) tubular, though slightly compressed, laterally, 
curved toward the middle. Median foramen large covered by the 
ventral piece. The median orifice (MO) on the dorsal surface, is a 
large opening occupying a great part of the median lobe. A long slender 
median strut (MS) extends from the dorsal margin of the proximal 
end of the median lobe. Internal sac (IS) about as long as the median 
lobe with a slender bent flagellum (F) attached at the apex. Tegmen 
consisting of a large basal piece and ventral piece. Basal piece (BP) 
about two-thirds as long as the median lobe and extending well up around 
the sides. Lateral lobes short and broad. Ventral piece (VP) broadly 
connected to the basal piece, produced anteriorly to form a rather 
broad flat tegminal strut (TS). 
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The aedoeagus of this form in general resembles that of the 
two forms previously described. But the broad flat tegminal 
strut, the bent flagellum, the enlarged proximal end of the 
median strut, and the very large median orifice are characters 
in which Triplax differs from Erotylus. The lateral lobes are 
also shorter than in Erotylus. 

Agithus genuinatus (Lee.). Fig. 19. 

Median lobe (ML) long and slender, sharply curved near the proximal 
end and with a large circular median foramen at the proximal end. 
Median strut (MS) extending from the dorsal edge, slender and slightly 
expanded at the extreme end. Median lobe (ML) gradually larger 
toward the distal end, with the dorsal surface slightly produced and 
pointed, thus placing the median orifice on the ventral surface. 
Internal sac (IS) slender and simple, without flagellum. Basal piece 
(BP) long; almost enclosing the sides of median lobe, with shorter 
rather broad lateral lobes attached at the distal end. Ventral piece 
slightly produced but not entirely covering the median foramen. 

The median lobe of this form is more like Languria in that 
it is tubular, and strongly curved near the proximal end while 
Triplax and Erotylus are stouter and less curved. The median 
strut is expanded at the end in both this form and in Triplax. 
The other members of the family except Tritoma have a flagel- 
lum in the internal sac. Internal sac in Agithus and the other 
members of the family gradually decreasing in size toward the 
proximal end so that it is impossible to distinguish where the 
ejaculatory duct joins the internal sac. 

Tritoma humeralis Fabr. Fig. 18. 

Median lobe (ML) short, larger in diameter than in A githus, slightly 
curved, produced at the distal end into a rounded point on the ventral 
surface, with the sides slanting back toward the dorsal surface. Median 
orifice (MO) large, located on the dorsal surface of the median lobe. 
The small median foramen (MF) at the proximal end of the median 
lobe not occupying the entire area. Median strut (MS) at the dorsal 
edge of the median lobe, slightly longer than the median lobe, expanded 
at the distal end. Internal sac (IS) small, without flagellum. Basal 
piece (BP) about two-thirds as long as the median lobe, sides extending 
around the median lobe, with two short lateral lobes at the distal end. 
Ventral piece pointed at the anterior border, extending over the median 
foramen, and broadly connected to the basal piece. 

The aedoeagus of Tritoma humeralis is shorter than that of 
any of the other four genera. The median lobe is short, only 
slightly curved, and produced at the distal end, resembling 
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Triplax tkoracica. The internal sac is without a flagellum as 
in Agithus genuinatus. Lateral lobes of Tritoma similar to 
the lateral lobes in Triplax thoracica . 

The members of the family Erotylidae are shown to be 
closely related to each other by the genitalia of the male and 
form a compact natural group. The genus Languria is also 
shown to be very closely related to the other members of the 
family. 


CRYPTOPHAGIDJ2. 

Antherophagus ochraceus Melsh. Fig. 22. 

Median lobe (ML) short, rounded, ventral surface much longer 
than the dorsal surface, thus placing the median orifice (MO) on the 
dorsal surface. Proximal end of the median lobe tapering into a 
broad, slightly curved, median strut (MS) on the dorsal surface, ventral 
surface with a large oval opening for the reception of the internal 
sac. The internal sac (IS) without flagellum. Tegmen consisting of 
three parts, the narrow ventral piece, broad basal piece and lateral 
lobes. Ventral piece (VP) reduced to a very short chitinous band, 
which is pointed at the middle and connected to the anterior angles of 
the basal piece. Basal piece (BP) almost as long as the median lobe 
with large triangular lateral lobes at the distal end which bear long 
setae. 

Cryptophagus croceus Zimm. Fig. 12. 

Aedoeagus smaller and shorter than in Antherophagus ochraceus . 
Median lobe (ML) short, rounded with the ventral surface longer than 
the dorsal surface and rounded at the distal end. Median orifice (MO) 
large, located on the dorsal surface and near the rounded point. Prox- 
imal end of the median lobe produced into a large median strut which 
is gently curved. Internal sac (IS) simple, without flagellum. Basal 
piece (BP) of the tegmen much shorter than the median lobe and only 
partially enclosing the median lobe. Lateral lobes (LL) small, triangu- 
lar pieces attached to the distal end of the basal piece, and bearing 
short setae. Ventral piece reduced to a chitinized band which com- 
pletes the ring around the median lobe. 

The aedoeagi of these two genera differ only in details. 
The basal piece is shorter and the lateral lobes are smaller in 
Cryptophagus than in Antherophagus. The median strut is 
curved throughout in Antherophagus while it is almost straight 
in Cryptophagus. The ventral piece is reduced in both forms 
to a very short chitinous band which connects the angles of 
the basal piece. 

The Cryptophagid aedoeagus is clearly similar in structure 
to the Erotylidae. The median strut in the Crytophagidae 
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has become expanded so that it encloses the median foramen 
while in the Erotylidae the median strut is a very slender 
structure. The tegmen is also very similar though the ventral 
piece is reduced and the lateral lobes are expanded into flattened 
triangular pieces in the Cryptophagidae. 

ENDOMYCHIDiE. 

Endomychus bigutattus Say. Fig. 24. 

Aedoeagus so strongly curved that it is crescent shaped. Median 
lobe (ML) well chitinized, tubular, with the proximal end slightly ex- 
panded, and truncate, thus making the median foramen terminal. 
At the distal end of the median lobe the ventral margin extends beyond 
the dorsal edge placing the median orifice on the dorsal surface. Median 
orifice long, elliptical in shape with the internal sac partially extruded. 
Internal sac short and tubular with short slender flagellum (F) at the 
apex. Internal sac not distinctly distinguishable from the ejaculatory 
duct. Tegmen consisting of a short chitinous piece which encircles 
the median lobe. An irregular tegminal strut extending from the 
ventral face of the tegmen, expanded at the end and articulating with 
the proximal end of the median lobe. No lateral lobes present. 

The crescent shaped tubular median lobe and the short 
tegmen without lateral lobes characterize the aedeagus of this 
form. 


COCCINELLIDiE. 

The aedoeagus of the Coccinellida: lies on one side with the 
lateral lobes toward the left side of the abdomen. The curvature 
of the aedeagus requires that it lie on one side and when 
extended it turns through an angle of ninety degrees in order 
to come in contact with the female genitalia. The curvature 
and bulk of the aedeagus would require some such arrangement. 
In the extended condition the lateral lobes are dorsad of the 
median lobe and are described as being dorsal in the following 
descriptions. 

In specimens observed in copula the lateral lobes serve as 
claspers being placed on the outside of the abdomen of the 
female. In other families the lateral lobes are supposed by 
Sharp and Muir to enter the vagina and serve as distensors. 

The Coccinellid aedoeagus differs from all the other families 
of Coleoptera in that it has developed another chitinous area 
which surrounds the median lobe. This area is definitely a 
part of the tegmen and I have called it basal lobe since it is an 
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extension of the basal piece of the Tegmen. The basal lobe 
becomes more and more complex and I have arranged the 
descriptions in order from the simple to the complex type of 
structure. 


HYPERASPINI. 

Hyperaspis signata (Oliv.). Figs. 37 and 38. 

Median lobe (ML) long, slender, curved and tubular with the 
proximal end flattened. Median foramen (MF) a long opening extend- 
ing the length of this flattened area. Median orifice at the distal end 
of the median lobe. Internal sac a simple straight tube without flagel- 
lum. Tegmen forming a complete ring around the median lobe. Basal 
piece (BP) heavily chitinized, forming an almost complete circle, 
which is completed by the tegminal strut (TS) on the ventral side. 
Tegminal strut slender, articulating with the expanded portion of the 
median lobe. Lateral lobes (LL) at the sides of the basal piece and 
appearing to be continuation of the basal piece. Basal lobe (BL) 
between the lateral lobes and apparently a median extension of the 
basal piece. 

It is this basal lobe upon which Vierhoeff (1893) based his 
separation of the Coccinellidae from the remainder of the 
Coleoptera as the suborder Siphonophora. Figures 38 and 40 
show this area to be definitely a part of the tegmen and not the 
“penis” ''which corresponds to the median lobe). 

Brachyacantha ursina Fabr. Fig. 39. 

Expanded portion of the median lobe subrectangular in shape with 
the median foramen (MF) extending the length of this area. At the 
dorsal surface there is a thin chitinous area (A) which is also found in 
Coccinella. Median lobe tapering to a small opening at the distal 
end. Basal lobe (BL) broad, not curved around the median lobe, 
slightly longer than the lateral lobes. ’ Lateral lobes (LL) large and 
concave. Tegminal strut (T8) attached to the ventral face of the 
tegmen and articulating with the expanded proximal end of the median 
lobe. 


CHILOCORINI. 

Chilocorus bivulnerus (Muls.). Figs. 40 and 41. 

Median lobe (ML) long and slender, with the proximal end expanded 
in such a manner as to form a T with the median lobe. Basal piece 
(BP) large, and cylindrical. Lateral lobes (LL) slender, extending to 
the end of the median lobe. Basal lobe (BL) as long as the lateral 
lobes, pointed at the distal end. Figure 40 also shows the basal lobe to 
be a continuation of the tegmen and not a part of the median lobe. 
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COCGINELLINI. 

Ceratomegilla fuscilabsis Muls. Fig. 42. 

Median lobe (ML) long and tapering to a small distal end. Flat- 
tened portion of the median lobe deeply emarginate to receive the 
tegminal strut. Basal piece (BP) long and circular. Lateral lobes 
(LL) slender. Basal lobe (BL) broad, curving around the median 
lobe but not meeting on the mid ventral surface. 

Adalia bipunctata (L ) Fig 43 

Flattened portion of the median lobe subrectangular and slightly 
emarginate to receive the tegminal strut (TS). Median lobe tapering 
toward the distal end then suddenly enlarged at the end. Basal piece 
(BP) short. Lateral lobes (LL) short and slightly curved. Basal 
lobes (BL) slightly longer than the lateral lobes, sides closely approach- 
ing each other on the dorsal surface producing a keel-like structure. 

Anatis quadridecimpunctata (Oliv ). Fig. 44. 

Aedoeagus long and slender. Proximal end of median lobe deeply 
emarginate, medium sized, irregular in outline. Median lobe (ML) 
tapering toward distal end and suddenly bent ventrad. Tegmen much 
smaller than in Coccinella. Lateral lobes (LL) and basal lobe (BL) 
of equal length. Basal lobe irregular in shape with lateral margins 
widely separated. 

Coccinella perplexa Muk Fig. 45. 

Proximal portion of the median lobe very much larger than in 
Anatis with the median foramen (MF) extending its whole length; 
tegminal strut fitting into the emargination near the center. Median 
lobe tapering to a small distal end. Tegmen large with the anterior 
dorsal surface of the basal piece (BP) prolonged to a sharp point. 
Lateral lobes (LL) shorter than the basal lobe. Basal lobe (BL) 
broad with the sides folding around the median lobe, but widely 
separated on the ventral surface, pointed at the distal end. 

Coccinella novemnotata Hbst. Fig 46. 

The aedoeagus of this species is longer and less bulky thibii C. perplexa . 
Proximal end of median lobe (ML) large with a thin chitinized area (A) 
on the dorsal margin. Median lobe about the same size throughout 
its whole length. Basal piece (BP) produced at the anterior margin 
to a point. Basal lobe (BL) longer than the lateral lobes, not extending 
around the median lobe. 

Coccinella quinquenotata Kby. Fig. 47. 

Aedoeagus long, and large. Proximal end of the median lobe (ML) 
expanded transversely, irregular in outline, with the flattened area (A) 
at the dorsal margin. Median lobe long, becoming slightly larger at 
the distal end. Basal piece extending further craniad than in the two 
species just described. Lateral lobes (LL) as long as the Basal lobe 
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(BL). Basal lobe enlarged and deeply emarginate at the distal end, 
surrounding the median lobe but not fused on the ventral surface, 
dorsal surface more heavily chitinized than the lateral surface. 

Olla abdominalis plagiata Csy. Fig. 48. 

Proximal end of the median lobe (ML) narrowly flattened, extending 
in a dorso-ventral direction, with a broad emargination for the reception 
of the tegminal strut (TS). On the dorsal side the thin chitinized 
area (A) is present as in Coccinella but much smaller. Median lobe 
(ML) long; about the same size throughout, except near the distal end. 
Distal end divided into two subequal prongs, the dorsal prong being 
bent backward over the basal lobe (BL) and fitting into a groove in the 
basal lobe, ventral prong bent in a ventrad direction and bearing the 
median orifice (MO). Basal piece produced and pointed anteriorily. 
Basal lobe long, almost surrounding the median lobe but not fused on 
the ventral surface, shaped much as the basal lobe in Epilachna. Lateral 
lobes (LL) as long as the basal lobe, expanded at the distal end. 

The members of the tribe Coccinellini show clearly a gradual 
increase in complexity of the aedoeagus from Ceralomegilla 
fuscilabris through the series in the order of the above descrip- 
tions to the larger aedeagus. And more complex condition 
displayed in C. quinquenotata and Olla abdominalis. The 
enlarged distal end of the median lobe of Adalia bipunctata may 
be an evagination of the internal sac. It is a constant con- 
dition for several specimens were examined. Olla abdominalis 
plagiata definitely belongs to the tribe Coccinellini but it also 
suggests certain tendencies toward Epilachna. Such characters 
as the length of the median lobe, basal lobe, and lateral lobes 
show resemblances to the same characters in Epilachna. 

HIPPODAMINI. 

Hippodamia parenthesis (Say). Fig. 51. 

Median lobe (ML) curved very sharply near the proximal end, 
slightly expanded on the ventral side and having the tegminal strut 
(TS) rest against this expansion. Median foramen circular and at 
the proximal end of the median lobe. A small flap-like projection (A) 
extends from the ventral margin. Median lobe about the same size 
throughout except near the distal end where it suddenly tapers to a 
small median orifice (MO). Basal piece (BP) large, and pointed on 
the dorsal surface, with a short stout tegminal strut (TS) projecting 
from the ventral surface. Tegminal strut expanded at the distal end 
and emarginate to form a groove for the median lobe. Lateral lobes 
(LL) broad Basal lobe tBL) extending around the median lobe and 
fused on the ventral surface thus completing a second ring or tube 
around the median lobe. Dorsal and lateral surfaces of the basal 
lobe well chitinized. 
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Hippodamia convergens (Guer.). Fig. 52. 

Median lobe (ML) shaped much like that of H. parenthesis; not 
expanded at the proximal end. Basal piece (BP) produced to a point 
anteriorly, with the basal lobe extending around the median lobe and 
completely fused on the ventral surface to form the second chitinous 
ring around the median lobe. On the lateral surfaces this structure 
is deeply emarginate at the distal end, with the dorsal and ventral 
surface sharp pointed. Tegminal strut (TS) enlarged toward the 
distal end and grooved to receive the median lobe. Lateral lobes 
(LL) narrow. 

Hippodamia tridecempunctata (Linn ). Fig. 53. 

The aedoeagus of this form is very irregular in shape. Median lobe 
as in the two species above. Basal piece (BP) large, not produced 
anteriorly. Basal lobe large, tubular, and completely surrounding 
the median lobe, emarginate at the distal end Lateral lobes (LL) 
broad and without setas. 

Casey (1899) and others place Hippodamia, Ceratomegilla 
and other genera in the tribe Hippodamini. Leng (1920) and 
Daborensky (1926) place all of these genera in the tribe Coc- 
cinellini. The following characters of the aedoeagus however 
are sufficient to separate Hippodamia as a distinct tribe: 
proximal end of the median lobe not expanded, median orifice 
terminal and rounded, proximal end of median lobe with a 
small flag-like projection from the ventral surface, basal lobe 
completely fused on the ventral surface. 

EPILACHNINjE. 

Epilachna borealis (Fab.). Fig. 49. 

Median lobe (ML) curved into an S-shaped slender tube about the 
same size throughout, proximal end slightly expanded. Basal piece 
(BP) truncate at the margin with long slender lateral lobes (LL). 
Tegminal strut (TS) short grooved for articulating witlj the proximal 
end of the median lobe. Basal lobe {BL) long, fitting closely around 
the median lobe, sides not fused on the ventral surface to complete 
the tube. 

Epilachna corrupta (Muls.). Fig. 50. 

The proximal end of the median lobe of this species is not expanded 
but a small projection from the ventral side of the median lobe serves 
as a stop for the tegminal strut. Basal lobe more strongly curved and 
the tegminal strut more irregular in shape than in €. borealis. 

The aedoeagus of the two species of Epilachna differ quite 
markedly from that of the other Coccinellid® in the reduction 
of the expanded proximal end of the median lobe, and the 
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recurved condition of the median lobe. This second curve of 
the' distal portion of the median lobe also requires a lik e curve 
of the basal lobe in €. corriipta for the basal lobe fits more 
closely around the median lobe than in €. borealis. In the 
tegmen other very distinct differences will also be noticed. 
First, the tegmen as a whole is slender and much less bulky 
thaj^in the species of Coccinella and Hippodamia. Second, the 
anterior border of the basal piece is not prolonged and pointed 
but is shorter and truncate in Epilachna. Third, the lateral 
lobes are longer and narrower in Epilachna than in Coccinella. 

The structure of the aedeagus of Epilachna and Hippodamia 
indicates that there were two lines of development from the 
Coccinella aedoeagus. Olla abdominalis plagiata shows a tendency 
toward the slender condition with a reduction of the flattened 
proximal end of the median lobe and a lengthening of the basal 
lobe to resemble the basal lobe of Epilachna somewhat. In the 
genus Hippodamia the aedeagus remains broad with an ex- 
panded piece, and with a very large, irregular, and tubular 
basal lobe. The lateral lobes also remain broad and short as 
in Coccinella. Thus Epilachna may be derived from a form 
like Olla abdominalis plagiata while Hippodamia may be 
derived from a form like Coccinella. 

GENERAL DISCUSSION. 

The structure of the aedoeagi described are such that they 
may be divided into four groups. The first group is character- 
ized by the tegmen not forming a complete ring around the 
median lobe. The tegmen is also on the ventral aspect of the 
median lobe. This group is represented by the Mycetophagidae. 
In the second group the tegmen forms a complete ring around 
the median lobe and the lateral lobes attached to the basal 
piece are on the ventral aspect of the median lobe. The 
Cucujidae are an example of this type of aedoeagus. In the 
third group the basal piece is absent, and the lateral lobes are 
fused to form a single chitinous area on the dorsal aspect of 
the median lobe. The Nitidulidse, Monotomidae, and Phala- 
chridae belong to this group. The fourth and last group is 
characterized by the aedpeagus lying on its side with the tegmen 
forming a ring around the median lobe, and the lateral lobes 
present in a dorsal or latero-dorsal position. To this group 
belong the Erotylidae, Cryptophagidae, Endomychidae, and Coc- 
cinellidae. 
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Sharp and Muir have applied the term trilobe to the first 
type of aedoeagus. Besides the characters given above' the 
aedoeagus of this type has the lateral lobes attached to the 
basal piece by a thin membrane which allows them to swing 
away from the median lobe in a slight arc. The basal piece 
is usually broad and is attached to the median lobe by a short 
membrane which causes the two parts to move as one. The 
median lobe is usually a simple straight tube enclosing an 
unmodified internal sac. This type of aedoeagus is considered 
most primitive because of the simplicity of the median lobe, 
and because transitions from this type to a more complicated 
type is easier than from any other type of aedoeagus. The 
family Mycetophagidae is the only family I have studied which 
possesses this type of aedoeagus. 

The second type of aedoeagus represented by the Cucujidae 
is of a rather heterogeneous nature. The genera Hemipeplus, 
Inopeplus and Prostomis in fact have an aedoeagus which 
relates them directly to the Mycetophagidae, for the tegmen is 
not completed around the median lobe. If we consider the 
aedoeagus of these genera alone they should be separated as a 
distinct family from the Cucujidae. But if we examine the 
body characters of these three genera it is impossible to find 
characters which will separate them from the Cucujidae. The 
aedoeagus also fails to furnish characters which would support 
placing Hemipeplus, Inopeplus, and Prostomis with Laemo.- 
phloeus to form the family Laemophlidae of Boving. The 
aedoeagus of Laemophloeus differs from that of the first three 
forms in every respect, while according to the larval characters 
Hemipeplus and Inopeplus should be included in the same 
subfamily with Laemophloeus. 

In the genus Dendrophagus we- have a very good example 
of how the bilobed type of aedoeagus may be derived from the 
trilobe type. The lateral lobes are not separated from the 
large basal piece by a membrane but are solidly fused to it, 
and a short chitinized band is formed across the dorsal surface 
so that the tegmen completely encircles the median lobe. 
Then it is not necessary to imagine the lateral lobes moving 
around to the dorsal surface to derive the cucujid aedeagus 
from the trilobe type. The connecting membrane between the 
median lobe and the tegmen has become lengthened to allow 
movement of the median lobe in the tegmen which completes 
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the fundamental changes required for the production of the 
cucujid type of aedeagus. 

The short dorsal piece in Dendrophagus is produced anter- 
iority in Brontes concomitant with a reduction of the basal 
piece and a separation of the lateral lobes. These changes 
produce an aedeagus which resembles Dendrophagus very little 
superficially. It must be remembered, however, that the 
lateral lobes are still on the ventral aspect of the aedeagus. 
The shape of the median lobe and internal sac of these two 
forms is also very different, more different in fact than the 
same structures in the families Nitidulidae and Monotomidae. 
There is certainty a great enough diversity in the genitalia to 
justify separating Brontes and Dendrophagus as distinct 
families. The body characters or larval characters, however, 
do not indicate a wide enough separation of the two genera to 
justify separate family rank. 

When we consider the tegmen of Telephanus we find that 
it may be readily derived from some form like Brontes by a 
lengthening of the chitinous connections between the dorsal 
and ventral parts. The median lobe in Brontes is also simple 
enough to allow the assumption that the two came from a 
common ancestor. Furthermore, the aedoeagus of Telephanus 
is more closely related to Brontes than Brontes is to Den- 
drophagus. Then if we follow Boving in placing Telephanus 
in the family Silvanidae, Dendrophagus should also be placed in 
a new family 

The aedceagus of Oryzaephilus and Nausibius represents a 
very high degree of specialization of the median lobe, but the 
general structure of the tegmen resembles that of Telephanus 
so closely that they may be placed together. 

The aedoeagi of Silvanus and Cathartus are very small, but 
the dorsal portion of the tegmen resembles that of Brontes 
very closely. The position of the lateral lobes and the shape 
of the median strut shows Silvanus and Cathartus to be a 
member of the same group as Telephanus. 

In the genus Laemophloeus the aedoeagus is flattened dorso- 
ventrally with a broad dorsal piece covering the median lobe, 
and the tooth-like structures representing lateral lobes on the 
ventral aspect, as in Brontes. The small size and very peculiar 
structure of the aedoeagus makes it difficult to determine the 
position of this genus but it seems least out of place near 
Brontes. 
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In the case of Cucujus the basal piece and lateral lobes are 
on the ventral aspect of the aedoeagus as in the other members 
of the family. The very long slender aedoeagus makes it 
difficult to place this genus with certainty. It is possible that 
Cucujus is also derived from some form like Brontes. A great 
lengthening of the aedoeagus is the principal change required. 

The aedoeagus of Pediacius resembles that of Cucujus in 
many respects, particularly in the tegmen, but the difference 
in length of the two aedoeagi causes the two aedoeagi to appear 
rather distantly related. 

Catogenus resembles Brontes in the size, shape and position 
of the parts of the tegmen very closely. 

In the case of Platisus the determination of its affinities 
depends upon the view taken as to the position of the tegmen. 
I have described the tegmen as ventrad of the median lobe 
because the other characters of the aedoeagus show it to be 
related to Pediacius which has the tegmen ventrad of the 
median lobe. If, however, the tegmen is dorsal Platisus is 
closely allied to the Cryptophagidae. 

The family Cucujidae includes a group of genera which 
show such a wide variation in the structure of the aedoeagus 
that it is impossible to determine with any degree of certainty 
the affinities of the various genera. If we begin separating the 
genera into families as indicated by the genitalia it would 
become necessary to give practically every genus family rank. 
Then we are confronted with the alternative of leaving the 
family as a conglomerate of widely separated forms or giving 
each genus family rank. I have also attempted to arrange 
the genitalia in groups which would correspond to Boving’s 
arrangement of the larvae. 

Such a division of the family upon larval characters would 
require the separation of the genera Silvanus, Cathartus, 
Oryzaephilus, Nausibicus, and Telephanus as a distinct family 
while Dendrophagus and Brontes would remain in the same 
subfamily. If the genitalia are considered it is obvious that 
Dendrophagus differs from Brontes as much if not more than 
Telephanus differs from Brontes. The same thing is true of 
the genera Cucujus, Pediacus and Platisus, each being distinctly 
different from the other. These genera would all be placed 
together when the larval and adult characters are considered. 
But the genitalia of Platisus and Cucujus show a much greater 
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difference than the genitalia of Cryptophagus and Erotylus. 
When the body characters are considered it is impossible to find 
characters which will separate Platisus from Cucujus or Den- 
drophagus from Brontes as separate families. Where such 
conditions prevail it seems that less confusion will result if we 
do not attempt to separate the old family Cucujidae. So I 
propose to recognize it as a very primitive family in which a 
great many intermediate forms have disappeared. 

The third group represented by the Nitidulidae, Mono- 
tomidae and Phalacridas is characterized by having the greater 
portion of the tegmen on the dorsal aspect of the aedoeagus. 

The aedoeagus of Carpophilus represents the primitive type 
of this group. The tegmen of Carpophilus may be derived 
from the trilobe type of aedoeagus by three changes; first the 
disappearance of the basal piece. This is not an impossible 
change because a similar change takes place in Brontes. Second 
the lateral lobes are fused on the dorsal surface to form a new 
basal piece. The fusion of the lateral lobes on the dorsal 
surface is a natural result of the reduction of the basal piece in 
order to hold the tegmen together. This is not a great step 
because the lateral lobes approximate each other on the dorsal 
surface. Third, the formation of the tegminal connection on 
the ventral surface is probably the result of chitinization of the 
membranes which connects the aedeagus to the body. 

In Lobiopa the fusion of the lateral lobes on the dorsal sur- 
face is almost complete with only a slight emargination at the 
apex to indicate the separated condition in Carpophilus. 
Accompanying this fusion on the dorsal surface the tegmen 
has drawn away from the mid-ventral line leaving a short 
connecting piece across the ventral surface. 

Glistrochilus represents the stage in which the fusion is 
complete. In this form the tegmen is a single large cap-piece 
fitting rather closely over the curved dorsal surface of the median 
lobe. 

The internal sac of these three genera also gradually increases 
in complexity. Like Mycetophagus the internal sac of Car- 
pophilus is undifferentiated. In Lobiopa there is a short 
simple flagellum at the proximal end. Finally in Glistrochilus 
the ejaculatory duct empties upon a short curved flagellum, 
the end of the internal sac is bulb-shaped, and numerous setae 
are present. 
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The tegmen of Monotoma is broad and flattened on the 
dorsal surface without an emargination at the apex, and the 
ventral portion of the tegmen is produced anteriorily so that 
it is much longer than in Lobiopa. The structure of the median 
lobe and internal sac of the Monotomidae and Nitidulidae is 
quite different but the structure of the tegmen in the two families 
show such strong resemblances that I believe them to be closely 
related. 

The Phalacridae also belong in this group, and was probably 
derived from some form like Lobiopa. The basal piece of 
Phalacrus like Monotoma is not emarginate at the apex, but 
is a single piece covering the greater part of the dorsal surface 
of the median lobe. 

The fourth group composed of the Cryptophagidae, Ero- 
tylidae, Endomychidae, and Coccinellidae, is distinguished by 
having the aedoeagus widely curved and resting on the left side 
within the abdomen. When the aedoeagus is extruded it turns 
through an angle of ninety degrees as described in the case of 
the Coccinellidae, so that the tegmen is dorsad of the median 
lobe in the four families of this group. 

The families included in this group show very little affinity 
for the two preceding groups, but the three agree, however, 
in one respect. The tegmen, though variable in shape, position 
and structure forms a complete ring around the median lobe. 

The characters used to distinguish this group bring together 
four families which vary widely in the shape of the tegmen 
and median lobe. In the Erotylidae and Cryptophagidae the 
basal piece covers a greater part of the median lobe. Both 
families have median struts extending from the dorsal margin 
of the median lobe. The internal sac t in both families is tubular 
and continuous with the ejaculatory duct but the sac of the 
Cryptophagidae represents the simpler condition. In this 
family the flagellum is not present while in the Erotylidae, 
with only two exceptions, the flagellum is present as a stout 
tubular structure, which is branched at the proximal end in 
Erotylus. 

In the case of the Endomychidae the tegmen is reduced to a 
chitinous band which encircles the median lobe, and is without 
any indication of the lateral lobes. Like the Cryptophagidae 
and Erotylidae the internal sac is continuous with the ejaculatory 
duct, and like the Erotylidae it contains a tubular flagellum. 
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The Coccinellidae are distinct from the other families in 
developing the extra basal lobe on the tegmen. In forms 
figured by Sharp and Muir and in Hyperaspis signata the basal 
lobe is a simple area about as long as the lateral lobes. This 
piece gradually becomes larger and more complex until it 
meets on the ventral surface in Hippodamia to form a complete 
tube around the median lobe. The median lobe in the Coc- 
cinellidae is also specialized in a different direction from the 
other Coleoptera. The expanded proximal end of the median 
lobe occurs in all of the genera except Hippodamia. This 
area is broadly open to receive the small simple internal sac 
and is attached to the tegminal strut by muscles. 

Verhoeff (1895) considered the presence of this tube to be of 
such importance that he proposes that the Coccinellidae be 
placed in the suborder Siphonophora and all the other Coleoptera 
in the suborder Asiphona. Verhoeff’s conclusions result as a 
different conception of the structure of the aedeagus. The 
term 4 ‘ penis’ * as used by Verhoeff is equivalent to the term 
4 ‘median lobe” of Sharp and Muir. Verhoeff considers the 
basal lobe to be the 44 penis 1 ’ enclosing a structure he calls the 
41 Siphon. ” The basal lobe is a part of the tegmen and is not 
an independent tube. Figure 38 and 40 show this structure to 
be clearly a part of the tegmen enclosing the median lobe. 
Then the Coccinellid aedoeagus is not composed of thre e rings 
as Verhoeff thought and his division of the Coleoptera can not 
be maintained. 


EXPLANATION OF ABBREVIATIONS. 


BP Basal piece. 

BL Basal lobe. 

CMi. ... First connecting membrane. 
CM 2 . .. .Second connecting membrane. 

DP Dorsal piece. 

EJ Ejaculatory duct. 

F Flagellum. 

IS Internal sac. 

MF Median foramen. 


ML Median lobe. 

MO Median orifice. 

MS Median strut. 

LL Lateral lobes. 

SP Spicule. 

TG Tegmen. 

TS Tegminal strut. 

9SG Ninth abdominal segment. 

10SG. . . . Tenth abdominal segment. 
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Pig. Pig. 

1. Cathartus opaculus Lee. Dorsal view. 7. Oryzaephilus surinamensis (L.) . 

2. Cathartus opaculus Lee. Side view. Median lobe. 

3. Telephanus velox Hald. Dorsal view. * 8. Brontes dubius Pabi. Dorsal view. 

4. Nausibius clavtcorms (Kug.). Dorsal 9. Brontes planatus (L.). Dorsal view.f 

view. 10. Platicus sp. Side view. M 

5. Cucujus clavipes Pabi. Dorsal view. 11. Dendrophagus Cygnaei Mann. Dorsal 

6. Oryzaephilus surinamensis (L.). view. 

Dorsal view. 12. Cryptophagus croceus Zi mm. Side 
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Plate III. 



Fig. 26. 
Fig. 27. 
Fig. 28. 
Fig. 29. 
Fig. 30. 
Fig. 31. 
Fig. 32. 
Fig. 33. 
Fig. 34. 
Fig. 35. 
Fig. 36. 


Inopeplus immunda Reit. Dorsal view. 
Inopeplus immunda Reit. Side view. 
Prostomis mandibularis Fabr. Ventral view. 
Phalachrus seriatus Lee. Side view. 
Carpophilus pallipennis (Say) . Dorsal view. 
Carpophilus pallipennis (Say).' Side view. 
Inopeplus reclusa Lee. Dorsal view. 
Glistrochilus obtusus (Say). Side view. 
Lobiopa setosa Hald. Dorsal view. 
Monotoma producta Lee. Dorsal view. 
Languria btcolor Fabr. Side view. 
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Plate IV. 



Fig. 37. Hyperaspis signata (Oliv.). Dorsal view. 

Fig. 38. Hyperaspis signata (Oliv.) with the tegmen pulled apart to show the 
basal lobe. 

Fig. 39. Brachyacantha ursina Far. Dorsal view. 

Fig. 40. Chilochorous bivulneri^ Muls. with the tegmen pulled apart to show the 
basal lobe. 

Fig. 41. Chilochorous bivulnerus Muls. Side view. 

Fig. 42. Ceratomegilla fuscilabris Muls. Side view. 

Fig. 43. Adalia bipunctata (L.). Side view. 

Fig. 44. Anatis quadrideccmpunctata (Oliv.). Side view. 

Fig. 45. Coccinella perplexa Mubs. Side view. 
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SECTION II 

Comparative Study of the Venation of the 

CUCUJIDAE AND RELATED FAMILIES. 

The wing veins of the Coleoptera present a problem upon 
which there has been little agreement by those who have 
attempted to homologize the venation. This disagreement has 
arisen because qf several reasons, the chief reason being the very 
unique and complicated course of the veins, which requires very 
much more study in order to reach correct conclusions than is 
required by other orders of insects. This unique form of vena- 
tion is further complicated by the transverse folding of the 
wings which interrupt the course of the veins and cause distor- 
tions that make it very difficult to compare the coleopterous 
venation with that of other orders. 

In the first attempt to use the ontogenetic method of study 
cerambycid pupae were used. These forms are very highly 
specialized and the tracheation no longer shows the course of 
venation development. Several workers have been thrown off 
by the theory of alternate convex and concave veins as applied 
to the Lepidoptera by Adolph (1880). 

Burmeister (1842) first used the venation of the second 
pair of wings in systematic studies when he showed that the 
Carabidae, Paussidae, Dytiscidae and Gyrinidae possessed com- 
mon characters of wing venation. After a study of the wing 
venation Otto Roger reached the conclusion that the Maiaco- 
derms were an ancient group from which all Coleoptera are 
derived except Adephaga which had previously branched off. 

Ganglbauer (1899) recognized three types of wing venation 
in the Coleoptera, the first type of venation being characterized 
by having a large number of longitudinal veins running the 
length of the wing, and a number of cross-veins. Near the 
posterior extremity of M and Cu two mediocubital crossveins 
form a closed cell, the oblongum, which is constant in this 
first type of wing. This type of venation is limited to the 
caraboid families. The second type of venation or Staphy- 
linoidean type is distinguished by the complete disappearance 
of crossveins and the basal portion of vein M. This type of 
venation is derived from the caraboid type by both Ganglbauer 
and Kolbe (1901). Lameere (1900) believed this second type 
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to have arisen from the Cantharoidean type of venation and 
consequently his arrangement of the families is influenced by 
this belief. The third type of venation or Cantharoidean type 
is defined by the disappearance of the basal portion of the medius 
and the curved hook-like connection which this vein makes 
with the cubitus. Vein R 2 also appears as a recurrent of R. 
It is this third type of venation which is characteristic of the 
families included in this study. 

In 1915 Kuhne studied the tracheation of the. pupae of seven 
genera and disagrees with Comstocks (1899) as to the homology 
of the costo-radial group of trachea. 

d’Orchymont (1921) made general studies of the adult 
wings of the Adephaga and Polyphaga for the purpose of working 
out a homologous system of the venation. Since d’Orchymont 
leaves the tracheation of the pupae out of consideration Forbes 
(1922) believes that his results are only half correct and pro- 
poses another interpretation of the wing veins. Even Forbes’ 
paper leaves the determination of the anal veins a difficult 
problem. In such forms as Brontes and Platisus the vein 
next Cu is independent of 2A and is considered to be 1A. 
In other forms such as Catogenus and Pediacius this same 
vein appears as a strong one branching from 2A. This 
condition may be explained on the grounds that 1A has changed 
its course so as to follow the course of 2A for a space and has 
again separated from 2A toward the margin. Such a con- 
dition is displayed by Dermestes marmoratus (Forbes, Fig. 36). 
Dermestes marmoratus, however, is not a transitional form 
between Brontes and Catagenus but is introduced here to show 
that such a condition occurs in the Coleoptera. 

Martinov (1925) has suggested that the fourth anal of the 
Coleoptera is homologous with the jugum of the • Mecoptera 
and has been included by the Coleoptera in the anal lobe to 
support this increase in wing expanse. 

ESOTYLID-iE. 

The venation of all the genera of the family Erotylidae (Figs. 68, 
73 and 76) is a uniform type of venation which does not vary among 
the genera as it does among the genera of other families. The Erotylid 
wing displays more of the primitive characters than any other form 
included in this study. The radial sector and radial recurrent are 
present, with a vfery short indication of the radio-medial crossvein. 
The first anal is also present with a cross vein to the vein Forbes labels 
2Aj. The presence of the wedge cell is also a primitive character. In 
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these lower forms the anal lobe is less definitely separated from the 
anal area than in the forms in which the first anal vein and wedge cell 
have disappeared. The fourth anal vein is also stronger in these 
forms. The broadly attached anal lobe and strong 4A may then be 
considered primitive. 

MYCETOPHAGIDiE. 

In the Mycetophagidae (Fig. 66 and 76) we have a general plan of 
venation similar to the Erotylidas. Mycetophagus punctatus , Fig. 76, 
has the wedge cell present though vein 3Ai shows distinct signs of 



Fig. 54. Oryzaephilus surinamensis (L.). Fig. 55. Silvanus bidentatus Fabr. 

Fig. 56. Telephanus velox Hald. Fig. 57. Pediacus fuscus Er. 

Fig. 58. Brontes dubius Fabr. Fig. 59. Nausibius clavicornis (Kug.). 

disappearance. This vein has completely disappeared in Mycetophagus 

Jlexuosus (Fig. 66), and vein 1A is not attached to the cubitus as in 
Mycetophagus punctatus and the Erotylida?. The radial sector, radial 
recurrent and radio-medial crossvein show a distinct relationship to 
that of the Erotylida?, particularly when Mycetophagus punctatus 
(Fig. 76) is compared with Triplax flavicollis (Fig. 75). The Mycetop- 
hagidae also show little tendency toward separation of the anal lobe 
from the anal region of the wing. The Mycetophagidae and Erotylidae 
are distinctly separated from the other forms by the fact that 1st A is 
more closely associated with Cu. 

“ CUCUJIDCE. 

In the family Cucujidae the venation of the various genera, though 
variable, shows some characters which are similar, or the modification 
may be explained as a reduction of the number of veins from a primitive 
type. 
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The venation of Cucujus clavipes (Fig. 60) probably represents the 
most primitive condition of the venation found in the family Cucujidse. 
The reasons for giving it the primitive position are as follows. First, 
the radial region closely resembles the same area in the Erotylidae. 
Second, the radio-medial cross-vein is still distinct in this form. Third, 
the anal lobe is broadly attached to the wing and the fourth anal vein 
is strongly developed. 

In this genus the vein 3Ai fuses at the base with 3A* and at about 
the middle of the vein crosses over to vein 2 A 3 . The vein 2 A S is short 
and shows no basal connection with the other veins. Vein 1 A branches 
from 2 Ai. 



91 H 4 C» 



Pig. 60. Cucujus clavipexFa.br . Fig. 61. Glistrochilus oblusus (Say). 

Fig. 62. Platisus sp. Fig. 63. Laemophloeus liquidus Csy. 

Fig. 64. Catogenus rufus Fabr. Fig. 66. Prostomis mandtbularis Fabr. 

Platisus (Fig. 62) differs from Cucujus in the following respects: 
1A not branching from 2 Aij 2 A 2 branching from 2 A* with a cross-vein 
between 2 A S and 2 Ai; radio-medial cross-vein obsolescent. On the 
other hand, it resembles Cucujus very closely in the radial area and 
the vein 3Ai is present as a cross-vein between 2 A* and 3A*. 

|| In Catogenus rufus (Fig. 64) vein 2 Aj branches from 2 A* and is 
connected to 2 Aj by a cross-vein as in Platisus. The radial recurrent 
is absent but the radio-medial cross-vein is strong. Vein 3 Aj is absent 
in this genus. 

N| The venation of Brontes dubius (Fig. 58) resembles that of Cucujus 
in the radial area but in the anal region the venation is markedly 
divergent from that of Cucujus. The vein 3Ai is only represented by a 
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short stub from 3A, and the distal part of 2Aj is separated from 2A* 
but the cross-vein between 2A, and 2Ai is intact. The vein 1A is 
unattached at the base as in Platisus. 

In Dendrophagus cygnaei the anal area resembles that of Telephanus 
while the radial area is like that of Brontes. 

In Pediacius fuscus (Fig. 57) the radial veins have become very 
much reduced so that nothing remains of the radial recurrent and 
radial sector. The disappearance of the cross-vein between 2Aj and 
2A* gives the pattern of the anal area a very different appearance from 
that of the other forms. Vein 3 A 2 is also obsolescent. 



V 4 C% 


Fig. 66. Mycetophagus flexuosus Say. Fig. 67. Hemipeplus marginipennis Lee. 

Fig. 68. Erotylus diviiris Lee. Fig. 69. Hippodamia convergent { Guer.). 

Fig. 70. Endomychus biguttaius Say. Fig. 71. Carpophilut pallipennis (Say). 


The radial recurrent in Prostomis mandibularis (Fig. 65) has dis- 
appeared while the radial sector and radio-medial cross-vein show 
signs of breaking up and disappearing. In spite of this condition of 
disappearance the radial region still bears resemblances to the radial 
region in Catogenus. The anal veins have become so distorted that 
Prostomis is isolated from the other Cucujidae. Vein 3A 2 has crossed 
over and joined 2 As. The cross-vein from 2A 2 to vein 2Ai is also 
present, but vein 1A is absent. 

Hemipeplus marginpennis (Fig. 67) has a venation radically different 
from that of the other genera of the family Cucujidae. The anal lobe 
has completely disappeared and the anal veins are reduced to three in 
number. Their position is so altered that it is impossible to determine 
the veins with certainty. 

The venation of Telephanus velox (Fig. 56), Nausibius clavicornis 
(Fig. 59) and Oryzaephilus surinamensis (L) (Fig. 54) all resemble 
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each other rather closely. The radial recurrent and radial sector are 
absent in these forms with a slight thickening remaining at the end of 
the radius which indicates that these forms are descended from forms 
like Brontes. Indications of the radio-medial cross-vein are also 
present. In the anal area three branches are separated from 2A. The 
vein 3Aj shows signs of disappearing in Telephanus and Nausibius 
while it is completely absent in Oryzaephilus. The anal lobe gradually 
becomes more definitely separated from the anal area, too. In Oryzae- 
philus the fourth anal vein is absent. 




Fig. 72. Phalachrus senatus Lee. Fig 73. Agithus genutnatus Lee. 

Fig. 74. Aphonsta vittata (Fabr.). Fig 75 Triplaxflavtcollts Lee. 

Fig. 76. Mycetophagus punctatus Say. 

In Silvanus bidentatus (Fig 55) and Cathartus opacuJus the veins 
of the anal area are very faintly indicated but the faint lines show 
these two genera to be related to the three genera just discussed. The 
shape of the anal lobe and the straight cubital vein are other points of 
similarity. 

The five genera Telephanus, Nausibius, Oryzaephilus, Silvanus and 
Cathartus have a common type of venation and are distinct from the 
other members of the family Cucujidae. The venation in this case 
indicates that these five genera may be separated as a distinct family 
on the following characters: Radius reduced to a single straight vein, 
with a small thickened area at the apex; Medial recurrent absent; 
3 A 2 obsolescent; Anal lobe narrowly joined to the wing. 
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On the basis of wing venation Laemopkloeus liquidus (Fig. 63) would 
be placed with Silvanus because of the very pronounced reduction of 
the venation and the distinct separation of the anal lobe from the 
remainder of the wing. It may be suggested here that since both 
Silvanus and Laemophloeus are small forms this reduction of venation 
may be due to the decrease in size. Then the similarity of venation 
in such form can not be used as a basis for determining relationships. 

The venation of Inopeplus reclusa is also reduced to a minimum so 
that it resembles very closely the wing venation of Laemophloeus. 
The only difference between the two is that the medial-recurrent in 
Inopeplus is slightly longer than in Laemophloeus. This may be 
another case of convergence for the genitalia indicate that Laemophloeus 
and Inopeplus are not closely allied. 

The venation of the family Nitidulidae is represented by Glistrochilus 
obtusus (Fig. 61) for the veins of Lobiopa setosa and Carpophilus palli- 
pennis vary only in slight details. The Nitidulidae are peculiar in that 



Fig. 77. Monotoma producta Lee. 

Fig. 78. Antherophagus ochraceus Melsh. 


the radial recurrent forms a deep loop toward the base of the wing 
which is unlike any of the other forms studied. The venation of the 
Histeridac as illustrated by Forbes’ figure of Bister inequalis agree with 
the Nitidulidae in the loop-like form of the radial recurrent. Since 
this is the only detail in which the wings of the two families agree this 
must be considered as a convergence of characters. The presence of 
vein Mi and the peculiar reduction of the, anal veins is also characteristic 
of the Nitidulidae. 

In the Phalaridae (Fig. 72) the wing is again characterized by a 
great reduction of the veins. The wing is long in proportion to the 
width which is rather remarkable in view of the lack of veins in the 
apical half of the wing. The members of this family are usually three 
millimeters or less in length. This small size of the beetle may again 
account for the extreme reduction of the wing veins. 

The venation of the Cryptophagidse as represented by Antherophagus 
ochraceus (Fig. 78) does not resemble any of the other families. The 
vein labelled Mi is so labelled because it approximates the position 
of Mi in Carpophilus patiipennis (Fig. 71) and because it is beyond 
the hinge fold. In none of the other forms does M 4 and Cu extend 
beyond the hinge fold. In Cryptophagus croceus this vein also appears 
to be a little nearer the costal border of the wing than in Antherophagus. 
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The presence of vein Mi associates the Cryptophagidae with the Niti- 
dulidae. In other respects, however, the venation resembles none of 
the other families. 

The Monotomidae (Fig. 77) have the venation reduced to such 
an extent that its affinities can not be detennined. The radiomedial 
cross-vein is present as a short straight vein and shows no relation- 
ship to the Nitidulidae. 

The Endomychidas are represented by Endomychus bigutattus (Fig. 
70) and Aphorista vittatus (Fig. 74). In Aphorista the radial recurrent 
and radial sector are plainly visible with a short portion of the radio- 
medial cross-vein also present. The position of these veins is indicated 
in Endomychus by thickened areas. The anal veins are reduced to 
two veins at the base which converge to form a single vein toward the 
margin. The anal lobe is distinct, with a short fourth anal vein. 

The venation of the Endomychidae and Coccinellidae is shown to be 
related when the venation of such forms as Scymnus is compared with 
the Endomychidae, while in the more complex forms such as Hippodamia 
the relationship is not apparent. Another point which indicates the 
relationship of the two families is found in the folding of the wings. 
In both families the wings fold by a peculiar double fold at the hinge. 

Hippodamia convergens ( Fig . 60) is figured as typical of the Coc- 
cinellidee The venation, as represented by the Coccinellidae and 
Endomychridae are divergent from that of the other families of the order, 
and serves only to emphasize their isolated position. The veins repre- 
sented are costa, subcosta, radius, media, cubitus, and anals. The 
costa is a weak vein extends for a short distance along the costal 
border of the wing, then fuses with the subcosta. The subcosta is a 
concave vein near the costa. Radius is a large vein forming the principal 
articulation with the body. The branching of the radius has been 
greatly reduced. Caudad of the hinge, vein Ri is represented by a thin 
line. Vein R 3 is so labelled according to Forbes for two reasons, ‘‘first, 
that the apex of wing in low holometabelous insects is to be sought in 
the neighborhood of R 3 and second, on the plain connection of the 
stub identified as R 4 and R 5 across to the stem of R 3 in such forms as 
Tetracha.” The basal portion of the median has disappeared, leaving 
the medial recurrent unattached at the base. “The branches of the 
medius are designated as Mi and M 4 because they are the extreme 
members of the complex group (polyphaga) as shown by Hydrosus.” 
M 4 toward the apex swings over and joins the cubitus. There remains 
but one vein supplied by the cubital trachea. Near the margin of the 
wing a small portion of what is called first anal is still present. The 
other veins of the anal area have not been satisfactorily worked out. 


SUMMARY OF VENATION. 

To summarize the evidence from the venation: we have the 
Erotylidae and Mycetophagidas closely related and representing 
the most primitive type of .venation. 
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In the family Cucujidas the venation of Cucujus, Platisus, 
Catogenus, Brontes and Dendrophagus resemble each other 
very closely in the formation of the radial region. The anal 
veins are rather variable but this is not carried to such an 
extent that would require their separation as distinct families, 
particularly in the case of Catogenus. Prostomis shows an 
obsolescent condition of the radial region, which resembles that 
of Catogenus very closely. But the arrangement of the anal 
veins is such that it is difficult to state definitely the relation- 
ship. In the case of Laemophloeus it is impossible to determine 
definitely the relationship because of the extreme reduction of 
the venation. Hemipeplus shows a very marked reduction of 
the radial area and of the anal veins. Telephanus, Nausibius, 
and Oryzaephilus show the same type of venation, which with 
Silvanus and Cathartus, form a group apparently derived from 
a form like Brontes. This group is distinct enough to warrant 
family rank. 

The Nitidulidse possess a peculiar venation which is unre- 
lated to any of the other forms studied. 

In the Phalacridse the venation is very reduced. In the 
anal area there are two veins left which slightly resemble the 
Nitidulid venation in this area. 

The Cryptophagidae according to the body characters and 
the genitalia should be placed close to the Erotylidae, but the 
venation of the wings fail to show any relation to the other 
families. 

The reduction of the venation of the Monotomidae is so 
great that the relationship to other families is obscure. 

The families Endomychidas and Coccinellidae are shown to 
be related both by the venation and the folding of the wings. 
This type of venation and folding is of such a distinct nature 
that the two families should be placed in a separate series. 

CONCLUSIONS. 

When a comparison of the evidence from the wing venation 
and the genitalia is made, the Mycetophagidas are shown to be 
the most primitive of the families studied. Both the wing 
veins and the aedeagus indicate that the family is related to the 
Byrrhidae and should be placed in the Byrrhoid series rather than 
with the Cucujoidea. 
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The genitalia, wing venation and body characters furnish 
no basis for a division of the Cucujidae into the four families 
as suggested by Boving. All of the evidence does indicate, 
however, that the family Silvanidae as proposed by Boving 
may be accepted. The genus Telephanus is closely related to 
Brontes, thus the Silvanidae are related to the Cucujidae. 

Handlirsch in arranging the fossil Coleoptera suggests that 
the Cucujidae arose from a hypothetical Protophytophaga as 
early as the Upper Triasic, while the other families usually 
included in the series Clavicornia arose during the Jurassic 
and Cretaceous. He separates the Cucujidae as a distinct 
series. The fact that the wing venation of the Cucujidae and 
Silvanidae is not related to other families supports Handlirsch’s 
view. The aedoeagus also furnished evidence which indicate 
that the Cucujidae and Silvanidae should be recognized as 
independent. The aedoeagus of the Cucujidae ranges from a 
very simple type in Hemipeplus to a very complex type in 
Catogenus. This diversity of structure leads to the conclu- 
sion that the family is a very old one from which many inter- 
mediate forms have disappeared. The Cucujidae and Silvanidae 
are separated from the Mycetophagidae by the fact that the 
tegmen forms a complete ring around the median lobe, and are 
distinguished from the other families studied by the fact that 
the tegmen is ventrad of the aedeagus. Such considerations, 
I believe, justify separating the Cucujidae and Silvanidae from 
the other families studied. The series Cucujoidea would then 
include only the families Silvanidae and Cucujidae. 

According to the genitalia the Nitidulidae, Monotomidae 
and Phalacridae constitute a homogeneous group having the 
tegmen redued to a single large sclerite on the dorsal aspect 
of the aedeagus. On the basis of the genitalia the Phalacridae 
should be placed near the Nitidulidae instead of between the 
Endomychidae and Coccinellidae, which is the usual arrange- 
ment. Since the Silvanidae and Cucujidae are considered as a 
distinct series the three families Nitidulidae, Monotomidae, and 
Phalacridae will constitute a new series for which I propose the 
name Nitiduloidea. The wing venation of this series is so 
reduced that it is of little assistance in determining the relation- 
ship of these families. 

The Erotylidae, Cryptophagidae, Endomychidae, and Coc- 
cinellidae are placed together to form another series to which L 
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give the name Erotyloidea. This group is characterized by 
having the tegmen composed of a basal piece enclosing the 
median lobe, and the lateral lobes attached to the sides or 
apex of the basal piece. The aedeagus also rests on its side 
when retracted into the abdomen and is arranged so that it 
turns through an angle of ninety degrees when extruded. The 
wing venation of the Erotylidae resembles that of the Myceto- 
phagidae more closely than that of either of the other three 
families, but the evidence from the genitalia indicates that the 
Erotylidae should be placed with the Crytophagidae, Endomy- 
chidae, and Coccinellidae. The venation of the Endomychidae 
and Coccinellidae is very similar. The method of folding the 
wings in these last two families is also exactly the same. 
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Introduction. ^ 

The coecid tribe Iceryini as recently defined by Morrison 
(’28, ’30) comprises the genus Icerya and five other genera 
closely allied to it. Of this group the life cycle of only Icerya 
purchasi, the cottony cushion scale, is at all adequately known. 
This species presents so many unique features, especially 
relative to its reproductive processes, that any contributions 
to our knowledge of nearly related species holds an especial 
interest. The present study presents new data on four other 
members of this group — data derived from field study, from the 
cytological investigation of material preserved in the field, and 
from breeding experiments, made during two extended trips in 
Central America in the years 1928 and 1929. The species 
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studied are Icerya montserralensis Riley and Howard and Icerya 
littoralis Cockerell, two forms, which, with Icerya purchasi 
Maskell, represent three different sections of the genus Icerya, 
Crypticerya rosce Riley and Howard, and Echinicerya anomola 
Morrison, a new genus and species discovered during my 1928 
trip in Guatemala and recently described by Dr. H. Morrison 
of the United States Bureau of Entomology. To Dr. Morrison 
I am also indebted for the identification of all the other types 
herein reported. Grateful acknowledgment is also made to the 
donor of the Sarah Berliner Research Fellowship, and to the 
American Association of University Women awarding it, whose 
support made the field work of 1929 possible. The field work 
of 1928 was done in collaboration with Professor Franz Schrader 
of Bryn Mawr College. 

A preliminary review of the life cycle and reproductive 
processes of Icerya purchasi will first be presented. For, 
although the general features of the life history of this species 
have been known since the pioneer studies of Riley and Howard 
(’80, ’90), it is only recently that a correct interpretation of its 
reproductive processes has been reached. The present review is 
intended therefore to bring together in one report the somewhat 
scattered material now available on this type, and thus to 
facilitate comparisons with the other Iceryines studied. 

Icerya purchasi Maskell. 

DISTRIBUTION AND HOSTS. 

Morrison gives the present occurrence of Icerya purchasi 
as world wide, Australia having been the probable center of its 
distribution. Aside from greenhouse infections in many cities 
of the United States, I have encountered it living outdoors 
in many localities in California, in Louisiana, and in Guatemala, 
Central America. In food habit Icerya purchasi is truly 
po hrp ha goii s. The various species of Acacia, Mimosa, citrous 
trees, and roses seem especially favorable hosts. UBut inasmuch 
as Ptospormum, cypress, pine, grasses, elm, ivy, oxalis, and 
palms have all been observed as hosts, it is clear that there is 
no obligatory relation between the insect and any certain 
group of host plants. / 
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LIFE CYCLE. 

The general structure and appearance of the different 
instars of I eery a purchasi are too familiar to need review here; 
The life cycle occupies, according to Kuwana (’22b) , approxi- 
mately four months under favorable conditions in Japan. 
Thus three generations are possible there annually. L eonar di 
(’20) reports three generations annually to be characteristic 
for the species in Italy; and under greenhouse conditions in 
Pennsylvania I find the same to hold true. Unfavorable 
■environmental conditions may increase the duration of each or 
all instars, so that as few as one generation may be obtained 
in a given year. Kuwana gives the average life cycle as follows 
for females: 

Incubation period 21 to 27 days 

First instar 14 to 21 days 

Second instar 14 to 21 days 

Third instar 21 to 50 days 

I can add that the fourth or adult stage in the female 
usually comprises from two _to three months. For males the 
incubation and first and second instar periods are the same as 
in the females. Third instar males, however, immediately 
after the second molt, undergo a short period of restless wander- 
ing and then hide away ill dead leaves or bark crevices and 
secrete the “cocoon” of loose wax in which the third and fourth 
instars are passed. This cocoon period comprises 17 jto J21 
days. The adult male or fifth instar has a maximum life of 
eight days after emergence from the cocoon, I can substantiate 
these data of Kuwana’s in every respect from my own breeding 
experiments on this species. 

The mating habits of Icerya purchasi have been described 
in detail by Shinji (T7) and myself (’25). Copulation occurs in 
nature usually during the late afternoon. The males evince a 
weak mating instinct as compared with the females. The latter 
react at once to the near approach of the males by raising the 
posterior tip of the abdomen. When copulation occurs the 
male mounts the up-tilted body of the female and clings to its 
posterior margin. The abdomen of the male is then bent 
under that of the females and the penis inserted into the genital 
aperture of the female. The female retains the position with 
abdomen upturned during copulation thus holding the male up 
from the surface of the host plant. Copulation lasts from two 
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to five minutes. Females will mate frequently and with many 
different males; the males rarely mate more than once, and it is 
not unusual for a male entirely to ignore the presence of females 
even though the latter may be reacting vigorously at the time. 

The females are capable of copulation immediately after 
the third molt, and for a variable number of days thereafter, 
the period being terminated by the growth of the wax egg-sac 
which soon covers the genital aperture. All fourth instar 
females whether fertilized by males or not produce these 
characteristic egg-sacs. Eggs are deposited continuously during 
a period of about two weeks, the first young hatching in three 
to four weeks after the beginning of egg-sac formation. Due 
to the very long adult life of the females the generations of 
I. purchasi are seen to overlap; but counting from the time of 
the egg laying in one generation to the egg laying in the next, 
it will be seen that approximately t en to fourtee n weeks are 
required to complete one cycle. ~~ 

There are several possible causes for the wide variation in 
duration of the different periods of the life cycle as computed 
above. Any instar may be lengthened by various unfavorable 
environmental conditions such as a sudden drop in temperature, 
the cessation of active growth of the host plant, or too moist 
an atmosphere. The last factor favors the growth of molds 
in the sweet excreta of the insects. Some of these molds 
actually infect the bodies of the insects themselves and, although 
seldom fatal, slow up development decidedly.' Again the 
incubation period, as Kuwana terms the time between egg laying 
and hatching, is extremely variable due to the fact, common 
among coccids, that the eggs are retained in the body of the 
mother until widely different degrees of development are 
attained. 

SEX RATIO, PARTHENOGENESIS, AND HERMAPHRODITISM 

All observers of I. purchasi agree in reporting a very un- 
balanced sex ratio, with the females preponderating largely 
over the males. This scarcity of males, together with his 
embryological studies on the species, early led Pierantoni 
(TO) to conclude that parthgpQggnesis was the usual mode of 
reproduction. He therefore isolated young female nymphs 
from males and discovered that indeed egg sac formation, 
egg laying, and the production of normal young occurred in the 
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complete absence of males. Later Kuwana (’22) also reported 
parthenogenesis for this species, affer“having raised several 
generations in the complete absence of males. That the rare 
males do mate with the females in nature has been repeatedly 
observed as noted above (Martelli (Pierantoni TO), Shinji 
(T7), Kuwana (’22), and Hughes-Schrader (’25) ). Altogether 
the above evidence would ordinarily be considered an adequate 
demonstration of the occurrence of a facultative partheno- 
genesis. In this case however the situation was further com- 
plicated by the interesting observation of Pierantoni (’14a) 
that certain of the nymphs sho wed traces of herma nhtoditism 
in their gonad structure. Pierantoni believed this herma- 
phroditic phase to be a transient one and the hermaphroditic 
nymphs to transform into normal males. 

My own work (Hughes-Schrader ’25, ’26, ’27) has demon- 
strated that all of the so-called females of Icerya purchasi ajre 
in reality hermaphrodites capable of the self-fertil ization of 
their own eggs by their own sperm. Copulation may indeed 
occur between these hermaphrodites and the occasional males, 
but it is in no wise necessary for reproduction. Cytological 
study shows that the hermaphrodites are always diploid in 
chromosome constitution while the males are haploid. The 
diploid chromosome number is four, and the haploid two; in 
both sexes the cytological conditions are exceptionally clear 
and convincing. The hermaphroditic gonad is basically an 
ovary. During development the right and left gonads meet 
and fuse anteriorly dorsal to the gut thus forming a horse- 
shoe shaped structure whose posterior ends terminate in short 
ducts. The fusion of these ducts posteriorly forms a heavy 
walled glandular vagina which leads to the external genital 
aperture. At the point of junction of the ducts there may occur 
a small thin walled blind diverticulum, the spermatheca, as 
described by Johnston (T2); but this may be entirely absent 
as stated in my 1925 study. Since that time I also have 
found it present in certain specimens, and believe it to be of 
rather general although variable occurrence. In the majority 
of coccids the ovaries are hollow structures witlx the eggs 
forming in pouches or* ovarioles from their walls. t^In Icerya 
purchasi however the hermaphroditic gonad is solid during the 
early instars.t In the first instar certain of the centrally lying 
cells become reduced to the haploid condition, and these 
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haploid cells, proliferating rapidly, come to form a solid central 
core in the gonad. The outer cells remain diploid and from them 
the ovarioles with their oocytes and nurse cells, the follicular 
and interstitial tissue are all derived. The haploid cells give 
rise to sperm. As the sperm mature they become twisted into 
tight bundles; the bundles are coiled and come to lie freely in 
the central cavity of the gonad. The gonad is thus actually 
hollowed out by the process of sperm formation. From the 
outer walls of the gonad meanwhile normal ovarioles are 
developing in which the eggs come to maturity. All eggs 
undergo two normal maturation divisions, in which the chromo- 
somes are reduced to the haploid condition. If these eggs are 
fertilized by sperm, diploid embryos are produced which always 
give rise to hermaphrodites. If the eggs remain unfertilized, 
they develop parthenogenetically into haploid males. Fertil- 
isation of the eggs of the hermaphrodite by its own sperm has 
been demonstrated cytologically in a large series of herma- 
phrodites which were held in complete isolation from males. 

Since the hermaphrodite produces ripe sperm in large 
numbers before the period when copulation with a male is 
possible, one cannot determine w T ith certainty whether the sperm 
of the males are also potent. Copulation does not affect the 
parthenogenetic production of males; extended breeding experi- 
ments have shown that males are produced in varying numbers 
indifferently by both hermaphrodites which have mated with 
males and those which have been completely isolated from 
males. Thus from 31 hermaphrodites which had mated with 
males 2,548 hermaphrodites and 39 males were produced; 
while 10 hermaphrodites isolated from males gave rise to 1,616 
hermaphrodites and 5 males. 

There is no evidence that this condition, — of functional 
hermaphroditism coupled with facultative parthenogenesis of 
haploid males — is restricted to an isolated strain or sub-species 
of Icerya purchasi. On the contrary, I have examined material 
from Italy, from Boston, Massachusetts, New York City, 
New York, Philadelphia, Pennsylvania, Berkeley, California, 
and from Antigua, Guatemala, and in every case have found the 
same conditions. It is certainly probable that this condition is 
characteristic for the species as a whole. With reference to 
this point an examination of Icerya purchasi as it occurs in 
Australia, its supposedly original center of distribution, would 
be of extreme interest. 
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The general anatomy of the hermaphrodites, their close 
correspondence in structure and habits with the true females 
of other coccids, together with their retention of the mating 
instinct of females, all indicate that the I. purchasi_ herma- 
phrodites are modified fema les. Indeed the very existence of 
normal males is evidence of the primitively bisexual condition 
of the species. That the hermaphrodites are homogametic for 
sex as are the females of other coccids (see Schrader’s work on 
Gossyparia and many species of Pseudococcus and Thomsen’s 
studies on several Lecanium species) — is shown by the fact 
that all their eggs when self-fertilized give rise again to the 
hermaphrodite type. The establishment of functional herma- 
phroditism as the regular and successful mode of reproduction 
in I. purchasi, may thus be regarded as definitely a derived 
and not a primitive character. The facultative partheno- 
genetic production of haploid males on the other hand may be 
a primitive character surviving, or, as the small and variable 
number of males produced may indicate, dying out in con- 
sequence of the establishment of the hermaphroditic habit; or, 
it may represent another secondary development paralleling 
that of hermaphroditism. Such considerations as these, to- 
gether with the further questions whether these unique sexual 
and reproductive conditions represent an isolated development 
in a single species or are typical for a larger group of forms, — 
whether any transitional or related phenomena may exist in 
related species, — gave the point of departure for the following 
studies on closely related forms. 

Icerya montserratensi* Riley and Howard. 

DISTRIBUTION AND HOSTS. 

Icerya montserratensis has been reported from the West 
Indies and from Mexico, on a wide range of host plants including 
unidentified species of Chrysophyllum, Clusia, Acacia, orange, 
banana, avocado, and palm. My collections were made at 
Belize, British Honduras, on various cultivated roses and 
palms, and at Stann Creek, British Honduras, on grapefruit 
trees. Although so unrestricted in choiee of host plant, the 
insects thrive better on* certain forms than on others. In my 
experience rose offers the best medium, with palms second. 
Reduced size and very slow development characterize broods 
grown on any of the citrous fruit trees. 
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As in Icerya purchasi the young nymphs attach themselves 
to the under side of the leaves of the host plant, sinking their 
proboscides into the veins of the leaves. Older nymphs and 
adults attach themselves to the twigs and smaller branches. 
Recognition of 7. montserratensis in the field is easy, due to the 
large fluted egg sac of the adult female which turns up at the 
distal end instead of downward as in 7. purchasi. The marginal 
wax tufts on each side of the anus are prolonged into graceful 
and often curling strands sometimes reaching a length twice 
that of the body of the female. These strands hanging poster- 
iorly and ventrally over the egg-sac form a striking character 
for naked-eye recognition. The anterior median wax tuft is 
also tremendously developed (about half the length of the 
body) and projects forward stiffly. 

NUMBER OF GENERATIONS ANNUALLY. 

During the dry season from three to four months are required 
for the completion of a single generation. Since all instars 
are present on the host plants from January until May, it is 
probable that breeding goes on more or less continuously 
throughout the year. If this is the case three generations a 
year are possible as in 7. purchasi. Lowering of the temperature 
will however retard development greatly in all instars, and it is 
quite possible that the number of generations annually varies 
from one to a maximum of three depending on weather and 
food conditions. 

DURATION OF THE SUCCESSIVE INSTARS. 

Under favorable growing conditions the first larval instar 
in both sexes occupies from 19 to 25 days; the second instar 
from 17 to 24 days in the case ®f males, and 19 to 24 days in 
the case of females. Immediately after the second molt the 
behavior of the two sexes differs. Male larvae of the third 
instar become restless and migrate from the host plant seeking 
a dark place in which to spin their cocoons. They may be 
easily distinguished from the females at this time by their 
longer slenderer abdomen and the almost complete absence 
of wax. One or two days may be spent in active wandering 
back and forth, after which the male larvae settle down in the 
loose dry surface earth or in dead leaves and bark crevices, and 
secrete their cocoons of very loose and fluffy wax. The whole 
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third and fourth instars are spent in the cocoon — an average 
interval of 26 days elapsing between the second molt and the 
emergence of the adult males. The time of the occurrence 
of the third and fourth molts was determined in a few cases 
only. Cocoons opened to obtain cytological material showed 
that the third instar has an average duration of 9 to 10 days. 
Similarly, in a few cocoons opened on the 23rd day of the 
cocoon period, one male was found which had already made its 
last molt. It is probable therefore that from one to several 
days of the cocoon period belong to the adult stage. After 
emerging from their cocoons the adult males live for 3 to 8 days. 

Female nymphs continue to feed quietly on the host plant 
during the third and fourth instars. In four individuals timed 
the duration of the third instar was from 20 to 2!) days. Immedi- 
ately after the third and, for the females, the final molt, the 
females are ready for fertilization. The long duration of the 
third instar in the female as compared with male nymphs 
quite equalizes the fact that the females have one less instar 
than the males, and brings the time of sexual maturity in the 
two sexes simultaneously. Thus the total time required for 
the larva? to reach sexual maturity from the time of the hatching 
of the eggs is 57 to 78 days in the ca<=e of males and 56 to 78 
days in the case of females. The adult life (fourth instar) of 
the female, whether fertilized or not, is very much longer than 
that of the male — always comprising one month and often six 
to nine weeks. 

MATING, EGG-SAC FORMATION, AND DEPOSITION OP EGGS. 

As in I. purchasi the mating instinct is much stronger in 
females than in males. Practically all females for two or five 
days after their third molt will react by lifting the tip of the 
abdomen to the presence of males, if the latter come within a 
distance of half an inch or less. The males on the other hand 
are very capricious — occasionally reacting immediately to the 
'presence of females of suitable age, but as often showing no 
reaction whatever and even climbing over the upraised bodies 
of the females to attain a sheltered position on the under side 
of a leaf. When a mating does occur there is no preliminary 
courtship other than an 'occasional stroking of the body of the 
female with a foreleg of the male. Copulation occurs as in 
I. purchasi; the male clings to the posterior tip of the abdomen 
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of the female and slips his abdomen under hers to insert the 
penis into the genital aperture. Due to the small size of the 
male he is usually held up free from the host plant by the 
up-raised abdomen of the female during the copulation, which 
lasts from three to seven and a half minutes. A single female 
often mates more than once and with many males. A single 
male seldom mates more than once in a given day — although 
it is probably unfair to judge their behavior in nature from that 
of specimens kept in vials and only liberated for short periods 
for experimental purposes, as were those on which these observa- 
tions are based. One male used in the breeding experiments 
described below gave five matings on consecutive days but it 
was more usual to obtain none, one or two from each specimen. 

Within one or two days after copulation the ventral side of 
the abdomen of the female becomes covered with wax, thus 
preventing further mating. However the females will still 
to the approach of males for many days after this time, react 
although the males invariably ignore such advances. The 
characteristic egg-sac, long, fluted, gradually turning up at the 
posterior end, begins to form within a few days after fertilization, 
and slowly increases in size during the period of egg laying. 
The first eggs are deposited as soon as the first section of the 
egg-sac is complete, often as soon as four or five days after 
fertilization, and eggs continue to be deposited thereafter for 
many days. From the time of fertilization to the emergence 
of the first young from the hatching eggs 33 to 35 days elapse. 
As was pointed out for I. purchasi this period does not cor- 
respond necessarily to the whole embryonic period since the 
eggs are at very different stages of development when they 
are deposited. One entire life cycle, from the hatching of the 
eggs in one generation to the hatching of the eggs pf the next 
generation, is seen to occupy from 90 to 113 days. -These 
records are based on several broods growing on rose trees -in 
the dry season and probably represent maximum speed of 
development. Some idea of the vacation in the length of * 
the life cycle under less favorable conditions may be gained 
from the following observation. From one brood whose total 
developmental period on rose was just three months, some 
young were transferred early in their first instar to a grapefruit 
tree. The host plant was over-crowded, molds developed in 
the excreta of the insects, and in general the conditions were 
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very unfavorable. These nymphs were still in their second 
instar when that part of the parental brood raised on the rose 
tree had reached the adult stage. This would indicate a 
possible retardation of the developmental period to double that 
required under favorable circumstances. 

SEX RATIO, PARTHENOGENESIS, AND HERMAPHRODITISM. 

Virgin females, kept in isolation from males', behave at 
first quite as do those which have mated with males. The 
egg-sac, although its formation is delayed until the fifth to 
seventh day after the final molt of the female, eventually 
attains as large a size as in fertilized females. The number of 
eggs laid is approximately the same. Thus far conditions 
parallel those in I. purchasi closely. In marked contrast to 
I. purchasi, however, the young produced by unfertilized 
females of I. montserratensis are always male in sex. This 
conclusion is based on breeding experiments in which virgin 
females were kept under gauze bags and thus isolated from 
males. Records of the separate broods were not kept, other 
than to check up daily during the crucial instars for the possible 
appearance of females among the offspring. Some 200 males 
and not one female were produced by three such isolated 
females. Broods from fertilized females, on the other hand, 
always comprised both males and females. Exact records 
were not kept of the number and sex of the offspring of each 
fertilized female, owing to inadequate facilities for growing 
and isolating the broods, but a mass culture from several fertil- 
ized females on one rose tree produced some 200 young, among 
which some '.ninety males were fecorded. Meager as they 
are, these breeding experiments indicate fairly clearly that 
fertilization is necessary for the production of female off- 
spring, while males may be produced from virgin females. 
Such experimental breeding is however inadequate for an 
analysis of the reproductive processes involved, since it provides 
no distinction between the effects of parthenogenesis and 
hermaphroditism. Accordingly a cytological study was made 
of both fertilized and non-fertilized females and of the eggs of 
each type in all stagas of their development. A detailed 
account of the purely cytological features of gametogenesis, 
fertilization, and development will be published elsewhere., 
It will suffice here to summarize only those results bearing 
directly on the life history. 
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In the first place there is no trace of hermaphroditism in 
any instar of either sex. The gonad of the female is a typical 
ovary. In general form it corresponds to the hermaphroditic 
gonad as described for Icerya purchasi. The right and left 
ovaries fuse anteriorly dorsal to the gut thus giving the organ a 
circular shape. This fusion occurs early in the second instar. 
Posteriorly each ovary terminates in a duct which unites with 
its fellow from the other ovary to form a thick walled glandular 
vagina. At the point of junction of the two ducts a small and 
very delicate thin walled spermatheca has its origin. As in 
most coccids the cavities of vagina and ducts are continuous 
with the central cavity of the ovary. The eggs are produced 
in typical ovarioles on the wall of the ovary and pass into its 
central cavity when mature. The ovaries are hollow from a 
very early period in their development and there is never a 
trace of the development of sperm atogenous tissue in them such 
as is found in I. purchasi. The constant presence of a sperma- 
theca, a character subject to considerable individual variation 
in I. purchasi, and the comparatively greater length of the 
sterile ducts connecting ovaries and vagina, further distinguish 
the I. monserratensis from the I. purchasi gonad. The anterior 
fusion of the right and left gonads is shown in montserratensis 
in common with all the Margarodidas thus far examined; it may 
well prove to be a constant anatomical character for the whole 
family. Schrader (’30) has recently described this same 
general type of ovary as being characteristic for Protortonia 
primitiva. In Protortonia, however, the ducts are even shorter 
than in I. purchasi and the egg bearing region of the ovary 
correspondingly longer. The spermatheca is also relatively 
better developed than in any of the Iceryines studied. 

The diploid chromosome number in I. montserratensis is 
four All eggs undergo two perfectly normal maturation 
divisions by which the chromosome number is reduced from 
four to two. If the eggs are fertilized find the diploid condition 
thus restored they develop into females. All unfertilized eggs 
develop into males which thus come to be characterized by the 
haploid chromosome number. 

These findings confirm and explain the results of the breeding 
experiments. Isolated females naturally produce nothing but 
males since all their eggs undergo reduction and develop without 
fertilization or other means of restoring the diploid chromosome 
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condition as haploid male individuals. Fertilized females, on 
the other hand, produce mixed broods, those eggs which are 
fertilized by sperm developing into females and those which 
escape fertilization developing parthenogenetically into males. 
In the light of this cytological mechanism the number of males 
produced by fertilized females seems surprisingly high. A dis- 
cussion of the possible causes for this phenomenon will be 
reserved until the section dealing with Icerya littoralis , since 
my breeding data for the latter species are more complete 
relative to this particular point. 

Icerya littoralis Cockerell. 

DISTRIBUTION AND HOSTS. 

Icerya littoralis was collected and studied in the vicinity of 
Salama, Baja Vera Pas, Guatemala, during the spring of 1929. 
The usual host plant was a common species of acacia, locally 
called subin, although other species of acacia, palms, and even 
certain grasses near a heavy infection, were also observed to be 
occasional hosts. Breeding probably continues more or less 
regularly throughout the year, since all stages from first instars 
to adults were present on the host plants at all times during 
February, March, April, and May. As in I. monserratcnsis , a 
dry season brood may be completed in from three to four 
months, thus making three generations a year at least theo- 
retically possible. 

In the field, /. littoralis has a very characteristic appearance. 
It resembles I. purchasi closely in body form, and in the down 
turned fluted egg-sac, but may be readily distinguished in 
naked-eye examination by its smaller size, the absence of the 
black hairs of purchasi , and by the color of the skin which is a 
bright rose red in contrast to the brown red of purchasi . The 
adult female is closely covered with wax dorsally; the marginal 
wax tufts are very short in front and increase in size by uniform 
degrees from anterior to posterior, thus making a fringe of wax 
tufts which hang down over the completed egg-sac. The 
longest of these tufts is seldom as long as the body of the 
female; this, and their even gradation in length, make con- 
fusion with I. montserratensis impossible. 
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LIFE CYCLE. 

In general habits this species approximates I. monserratensis 
so closely that only a brief summary of my notes relative to 
its life cycle will be submitted. The duration of the different 
instars is as follows. In the case of male nymphs, the first' 
instar occupies on an average 20 days, the second 15, and the 
third and fourth together or cocoon period, 21 to 25 days; 
giving a total of 57 to 60 days from hatching to sexual maturity. 
Female larvae spend 20 to 25 days in the first instar, 16 to 19 
in the second, and 22 to 30 in the third— a total of 58 to 74 
days from hatching to sexual maturity. 

Females are capable of fertilization immediately after the 
third molt and for the five or six days immediately ensuing. 
Mating habits are identical with those of I. montserratensis. 
The duration of copulation is markedly shorter, varying from 
two to four minutes in the sixteen cases observed. Both 
males and females may copulate more than once either with 
the same or different individuals. One male was seen to mate 
three times, on successive days — and one female to mate four 
times in rapid succession with four diff erent males. The mating 
period of the female is terminated by the growth of the egg-sac 
which soon covers the genital aperture. 

The secretion of the egg-sac is begun on the fifth to seventh 
day of the fourth instar irrespective of whether the female 
has been fertilized or not. The first eggs are deposited., as 
soon as the first short section of the sac is completed. Con- 
tinued slow deposition of eggs and the gradual posterior exten- 
sion of the egg-sac go on for two to three weeks. The first 
larvae hatch in from 31 to 38 days after the egg-sac has been 
started, and first instar larvae Continue to emerge thereafter 
for two or three weeks more. Summating these periods it 
will be seen that the duration of the life cycle, from the hatching 
of the eggs of one generation to the hatching of the eggs of the 
next, is 94 to 119 days. Again it should be emphasized that 
these figures apply to dry season broods under favorable 
conditions of growth. 

SEX RATIO, PARTHENOGENESIS, AND HERMAPHRODITISM. 

The sex ratio in I. littoralis, determined from a random 
collection of larvae preserved for cytological study, was 30 
males to 14 females, a ratio sufficiently one-sided to suggest 
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unusual reproductive behavior. Breeding experiments demon- 
strated conditions paralleling those in I. montserratensis. 
Virgin females form egg-sacs and lay eggs, as do females fertil- 
ized by males, but all eggs from virgin females give rise to male 
offspring exclusively. One such virgin female, reared in 
careful isolation from males, produced 24 males and no females. 
(This brood was greatly reduced by predacious mites before 
sex determination was possible.) Two other virgin females, 
whose offspring were not separated upon the host plant, pro- 
duced 102 offspring, all of which were males. In no case did 
any virgin female give rise to female offspring. Fertilized 
females, on the other hand, produce both male and female 
young. Three females, each of which had copulated at least 
once, produced the following broods: 29 males to 51 females, 
23 males to 20 females, and 43 males to 49 females. All of 
these broods are smaller than is normal in nature due to the 
difficulties in rearing complete broods on small plants under 
observation. The larvae reared represent a random selection 
from the eggs in a given egg sac. 

As was suggested for I montserratensis the percentage of 
eggs that fail of fertilization in females that are known to have 
mated with potent males is surprisingly large. In the breeding 
experiments listed above the males are seen to comprise 44% 
of the brood of fertilized females. One factor in keeping the 
number of males high may well be insufficiency of sperm. 
It seems quite probable that the number of sperm received by 
the female at a single mating should be insufficient for the 
fertilization of the large number of eggs often produced. The 
conditions in Icerya purchasi lend support to this hypothesis. 
In I. purchasi sperm are produced by the hermaphrodites in 
tremendous numbers — (at the end of the male phase the ducts 
of the hermaphroditic organ are filled with sperm and sperm 
bundles from anterior to posterior end); and the number of 
males produced is correspondingly small. A second possibility 
is that some eggs may start their parthenogenetic development 
before copulation. I have had no opportunity to check this 
with precision cytologically. In the few females examined 
cytologically just before egg-sac formation no developing eggs 
or embryos were encountered, but I consider the evidence 
insufficient to eliminate the possibility that comparatively late 
copulation may be an occasional factor making toward a high 
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percentage of male progeny. The very small number of males 
produced by I. purchasi may be cited in indirect support of 
this suggestion also. There is no possibility in this case that 
the eggs start development before the arrival of the sperm 
since the hermaphroditic gonad is markedly protandrous and 
the sperm mature long before the eggs. It is clear that other 
factors than those just suggested must be operative in the 
case of I. purchasi to account for the production of any males 
at all by that species. It has been suggested (Schrader and 
Hughes-Schrader ’26) that a late opening of the peduncular 
ducts connecting the egg follicle or ovariole with the main 
duct of the gonad might act as a bar to fertilization until after 
parthenogenetic development was under way. Such unde- 
termined factors may well operate also in the cases of I. monlser- 
ratensis and I. littoralis. Some further analysis of the factors 
involved in this question could be obtained by breeding experi- 
ments designed to determine the effect of the age of the female, 
and of repeated matings, on the sex ratio. 

Cytological conditions in I. littoralis also parallel those of 
I. montserratensis with surprising closeness. There is never 
any trace of hermaphroditism in any instar. The ovary of 
the female is of the same structural type as I. montserratensis. 
The chromosomes are identical with those of I. montserratensis 
in number, size, shape, and behavior. All eggs undergo reduc- 
tion. If fertilized these eggs give rise to females characterized 
by the diploid chromosome number; if they are unfertilized they 
develop parthenogenetically into haploid males. 

Considering the breeding and cytological evidence together 
it is clear that Icerya littoralis is a normally bisexual species 
such as I. montserratensis without any trace of the hermaph- 
roditic habit. In common with, both I. purchasi and I. mont- 
serratensis, however, it shows the facultative parthenogenetic 
production of haploid males. Fertilization of the eggs of the 
female by the sperm of these males is necessary for the pro- 
duction of female offspring. 

Echinicerya anomola Morrison. 

A single and very limited occurrence of this interesting 
new Iceryine was found on one tree, an unidentified species of 
Acacia, in the vicinity of Quirigua, Guatemala, in March 1928 
and again in the same region in 1929. On both occasions all 
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nymphal instars were present, suggesting more or less con- 
tinuous breeding throughout the year as in Icerya. The adult 
females are very striking in appearance, making recognition 
in the field easy. The four anterior median dorsal wax tufts 
are prolonged into stiff spines of which the fourth or most 
posterior is longest. The females form no egg-sacs whatsoever; 
the eggs are deposited under the body of the parent which 
becomes increasingly concave ventral ly as egg laying goes on. 

The ovary of the female shows the anterior fusion of right 
and left halves characteristic of all other margarodids reported 
so far. Certain variations are characteristic; the ducts con- 
necting the ovaries with the vagina are very long in comparison 
with the Icerya condition, thus restricting the ovaries proper, 
or actual egg bearing portion of the gonad to the anterior 
half of the organ. The spermatheca is constantly present and 
attains a development comparable to that in 7. montserratensis 
or 7. littoralis . 

There is no trace of hermaphroditism in any instar in either 
sex. In cytological detail there is surprising correspondence 
with the Icerya montserratensis and 7. littoralis condition. 
Females of all instars are diploid, with a chromosome number 
of four; males are always haploid, with the reduced chromosome 
garniture of two. All the eggs of the female undergo reduction. 
If fertilized the diploid number is restored and development 
into a female results. Unfertilized eggs are also capable of 
development, and as in the other species described, they never 
restore the diploid chromosomes but develop into haploid 
males. In the ovaries of fertilized females (so determined by 
the presence of sperm bundles and loose sperm in their ovarian 
ducts) both haploid and diploid embryos are found. In 
unfertilized females, (those showing no sperm within ovaries 
or ducts) only haploid embryos are found. Although no 
breeding experiments were possible with this species, the 
cytological evidence just given, together with the close similarity 
to 7. montserratensis and 7. littoralis , indicate pretty clearly 
that the reproductive processes involved are the same as in 
the two last-named species. 

• Crypticerya rosae Cockerell. 

A very slight infection of Crypticerya rosce was found in 
February, 1928, near Orange Walk, British Honduras, on a 
species of Inga locally termed the Guama tree. The adult 
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female resembles Icerya in body form but is more convex and 
almost completely devoid of wax dorsally. As in Echini- 
cerya no egg-sac whatever is made, and the eggs are laid under 
the body of the female, a few at a time, probably over quite a 
period of time. The only adult female in my collection was 
neatly covered with an ant carton. The prevalence of certain 
coccinellid beetle larvae which prey upon these large soft bodied 
coccids suggested that only females so protected had survived 
in this vicinity. 

No breeding work was undertaken on this species and the 
small number of individuals found were all preserved for 
cytological study. This material includes one adult female 
whose huge ovary contains a large number of embryos in 
practically all stages of development from the maturation of 
the egg to late embryos almost ready to hatch — one second 
instar nymph, and eight larvae of the first instar. The female 
shows no trace of hermaphroditism. The ovary is of the type 
described in Jcerya and Echinicerya, with a striking increase in 
the relative length of the ducts which connect the vagina with 
the ovaries proper. In respect to this character the Iceryines 
thus far studied form a series with Icerya purchasi, with its very 
short ducts, at one end, and Crypticerya rosce, with its exag- 
gerated ducts, at the other. In all these species the spermatheca 
is small and subject to variation in size, and indeed it may 
occasionally be absent entirely in I. purchasi. In none of the 
forms studied is there any evidence that it functions for the 
storage of sperm; after copulation the sperm from the male 
are found in the oviducts and the central cavity of the 
ovary itself, never, in many specimens examined among the 
different species, in the spermatheca. Neither is there ever 
any development of gland cells in its epithelium. Its function 
remains entirely problematical. - 

The chromosome number in the oogonia and somatic 
tissues of the female is four. -Normal maturation figures are 
found in the younger eggs, showing the formation of two 
tetrads quite as in Icerya. Both haploid and diploid embryos 
ate present in large numbers. The second instar nymph is a 
male with the somatic and spermatogonial chromosome number 
of two — the haploid group. Of the first instar larvae, four are 
diploid, two are haploid, and two show no legible mitoses. 
Although incomplete, this cytological evidence certainly indi- 
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•cates that Crypticerya rosee is capable of the facultative par- 
thenogenetic production of haploid males, while its females 
arise from normcilly fertilized eggs and are hence diploid. To 
be sure adult males of Crypticerya rosce have never been reported, 
but when one considers their seasonal appearance, and the 
small size and great fragility of the males of closely related 
species, it is not surprising that the few random collections 
recorded for this species fail to contain any. . The present 
discovery of haploid embryos, haploid larvae of the first instar, 
and a typical haploid male nymph of the second instar, when 
considered in connection with the close cytological parallelism 
obtaining between this species and Icerya montserratensis, 
Icerya littoralis, and Echinicerya anomola, makes the existence 
of adult males in Crypticerya practically certain. 

That the haploid embryos and larvas arise from eggs fertil- 
ized by sperm from a male, and not from an hermaphroditic 
phase in the female is almost certain since the gonad of the 
adult female shows no traces of an earlier male phase, such as 
are usually apparent in adult hermaphrodites of Icerya purchasi. 
Furthermore, the young diploid larvae of the first instar show 
no trace of an incipient male phase in their developing gonads, 
such as would be present in corresponding stages in the hermaph- 
rodites of Icerya purchasi. 

General Considerations. 

Perhaps the most striking result of the foregoing studies 
is the fact that the functional hermaphroditism of Icerya 
purchasi emerges as a unique phenomenon, not suggested nor 
approached in any way by *my of the other Iceryine types 
investigated. That this development of the hermaphroditic 
habit in Icerya purchasi is not a primitive characteristic of the 
species is perhaps abundantly clear from such facts as the 
persistence of the now entirely unnecessary males within the 
species, and the retention of the mating instincts of females on 
the part of the hermaphrodites. What is known of the biology 
of other members of the Margarodidas supports the further 
opinion that the hermaphroditic habit can certainly not be 
considered a basif or primitive character of the family. 
Kuwana’s studies on Drosicha (Warajicoccus, Kuwana ’22a) 
and Stebbing’s earlier work on Monophlebus (’04) indicate 
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clearly that fertilization by a male is essential for reproduction 
in these forms. Schrader’s recent study on Protortonia primi- 
tiva establishes the same relationship for that species. In 
these forms, representing three different tribes of the Marga- 
rodidae, there is certainly no trace of hermaphroditism. The 
hermaphroditic habit is thus clearly neither a family nor a 
tribal character, and is to be considered a secondary and 
derived condition in the one species now known to possess it. 

Once established, functional hermaphroditism obviously 
offers an extremely efficient and successful mode of reproduction. 
With this in mind a comparison of the reproductive habits of 
those Margarodids now thoroughly well known in this respect 
becomes of interest. Schrader (’30) suggests that one reason 
for the extreme scarcity of Protortonia primitiva in its native 
territory and among an abundance of its food plants, is to be 
found in the precarious relations characterizing its mating 
behavior. The short adult life of the males, and the equally 
short period in which the females are capable of being fertilized, 
taken together with the great variation in length of the different 
larval instars under changing environmental conditions un- 
doubtedly tend to keep the number of successful matings 
relatively low. To the action of this factor in Protortonia is 
to be added the very small size of the brood produced by the 
individual female. The four Iceryines of the present study, 
Icerya montserratensis, Icerya littoralis, Echinicery aanomola, 
and Crypticerya rosce, show in one respect at least a more 
successful mode of reproduction. The same precarious mat- 
ing conditions exist as characterize Protortonia, but the 
parthenogenetic production of males does much to offset this. 
Although the males are equally frail and short lived they are 
produced in such large numbers (compared with the non- 
parthogenetic Protortonia') that the chances of any one female 
being fertilized are tremendously increased. This advantage I 
believe to be partially offset by a weakening of the mating 
instinct in the Iceryine males studied. When compared with 
the behavior of the males of such an obligatorily bisexual 
species as Protortonia, the males of these Iceryines show a 
marked lack of ardor and a very slow and variable response to 
the females. When compared with either the Protortonia or 
the I. montserratensis (as an example) type of reproduction, 
the hermaphroditic habit of I. purchasi appears to be very much 
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more efficient; rendering the frail and short-lived males unneces- 
sary to the propagation of the species has certainly removed 
the weakest point in the reproductive mechanism. My experi- 
ence with these species in the field supports this general con- 
clusion. Icerya purchasi shows the largest and most flourishing 
colonies of any of the types studied, wherever found. Its 
success in establishing itself in a wide range of localities follow- 
ing accidental introduction is an added argument. Protortonia 
on the other hand is much more limited in geographical distribu- 
tion and very scarce and very sporadic where it does occur. 
The limited evidence available on the other forms would give 
them a position intermediate between I. purchasi and Protortonia 
in this respect. 

The five Iceryine species here discussed are further remark- 
able, it seems to me, for an amazing degree of uniformity 
relative to many of their characters. In each species the males 
are haploid and arise parthenogenetically from unfertilized eggs. 
In cytological detail there is also surprising agreement. Not 
only are the diploid and haploid chromosome numbers the 
same in all, but the individual chromosomes show a close 
agreement in size, shape, and details of cytological behavior. 
The structure of the ovary is another indication of the close 
relationship evident throughout. The conclusion is highly 
probable that the mode of reproduction characteristic of this 
group of closely allied species will prove to be a basic character 
of the tribe, with the hermaphroditism of Icerya purchasi and 
the resultant reduction in its males as an isolated deviation. 

The species reported in the present study represent three 
of the six genera comprising ^he Tribe Iceryini. Of the other 
three, nothing at all is known of the reproductive processes 
in Steatococcus Ferris or in Auloicerya Morrison. The remain- 
ing genus Gueriniella Fernald has been intensively studied by 
Vaysierre (’26). This species has a single generation per year 
in the Mediterranean region. The eggs are laid in mid-summer 
and the larvae hatch some weeks later, but do not attach them- 
selves to the host plant until the following spring. The actual 
period of development, omitting this long quiescent period, is 

three to four months, as in the other Icervines. But from the 

• . 

point of view of the present study Gueriniella is most interesting 
because of the absence of males. Males are completely unknown 
in this species, and since it has been the subject of careful 
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breeding experiments by Vaysierre, this probably means that 
they do not exist. (Vaysierre does not, however, take up this 
aspect of the subject in his study.) It is possible, therefore, 
that Gueriniella is either hermaphroditic or obligatorily thely- 
tokously parthenogenetic. If hermaphroditic it would seem 
to have carried the reduction of the males, in which process 
Icerya purchasi represents a transitional step, to its ultimate 
conclusion. Only a cytological examination can settle this 
interesting and outstanding question. 
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THE MOULTING OF THE SILKWORM AND A HISTO- 
LOGICAL STUDY OF THE MOULTING GLAND. 

Sibyl Wachter, 

Stanford University.* 

Insects during the process of post-embryonic development 
periodically shed or moult their cuticular covering, and in 
addition the lining of such internal parts as are of ectodermal 
origin. The number of moults depends upon the number of 
growth periods and varies in the different species of insects. 
In the silkworm Bombyx mori y the species under observation, 
there are five of these growth periods, or “ instars, ” in addition 
to the pupal stage. At the end of each, actual ecdysis takes 
place. However, sometime before ecdysis takes place, certain 
glands of ectodermal origin become active and liberate a fluid 
known as 4 ‘moulting fluid/ ’ which has an important function 
in the process of moulting. This fluid assists in the process, 
and the glands furnishing the fluid are highly important organs 
physiologically. 

The present study of the moulting of the silkworm was 
made during the months of April, May, and June, 1929, on some 
hundred specimens as they developed from the egg to adult. 
Silkworms were reared individually in wide-mouth fruit jars 
three by four inches in size. They were fed mulberry leaves 
two to three times a day. The temperature of the breeding 
room ranged from a maximum of 81° Fahr. to a minimum of 63° 
Fahr. The median temperature of the observation period was 
72° Fahr. Observations were made constantly during the time 
of the moulting activity. A birfbcular microscope was used 
for close observation. All observations refer to the fourth 
moult, as these larger specimens permit of more accurate 
study, and the similarity between the first four moults is 
very marked. For histological study of the moulting cells 
whole insects were killed in boiling water, the body cut into 
.segments, and each segment was dehydrated, imbedded in 
paraffine, sectioned, and stained in Delafield’s haematoxylin. 
Mounts were made of sections of insects during the moulting 
period. Studies vtere made under an oil emersion lens. The 
following account is based on the results of observations. 

•Contribution from the Entomological Laboratory of Stanford University* 
California. 
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The First Indications of Ecdysis 

The first external indications of a change taking place in the silk- 
worm at the time of the moult occurs about thirty-six hours before 
ecdysis. At this time the cuticula becomes decidedly glossy in 
character. There appears to be a thickening of the subcuticular layer. 
The increase of the chitinous substance by the chitogenous or hypo- 
dermal cells is no doubt responsible for the glossy effect characteristic 
of the integument of the larva. This change is gradual but is noted 
very definitely before there is any external sign of a new body developing 
within the old skin. 

Shortly after this is apparent close observation shows a very slight 
slipping out of the tracheal lining at the dorsal point of the peritreme. 
This appears as a dark area or point above the spiracle. The moulting 
glands are functioning and the fluid is spreading rapidly between the 
old cuticula and the new integument forming beneath it. Thus the 
contacts between these two layers are being attacked and dissolved as 
pointed out by Tower. In time the new body is fastened to the old 
skin merely by the muscle attachments which are the last parts to be 
dissociated. As the cuticula of the peritreme becomes definitely free, 
the tracheal lining is pulled out at the sides so that the dark area widens 
laterally toward the ventral side of the peritreme and finally is complete 
as a circular band extending around the spiracle. 

The Triangle Stage. 

Following this there is a distinct change in the appearance of the 
head and thoracic region. This occurs after the larva is well established 
on the leaf with the silken mesh of threads beneath it, to which it has 
attached its prolegs. The larva has been inactive for several hours. 
Gradually there is a slight increase in color back of the larval head. 
The old cuticula at this point becomes turgid with included fluid. 
The strain on the cuticula draws the head and thorax with the fore 
legs into a more fixed, upright position. Within a few hours the new 
head is visible beneath the old cuticula. It shows as a brown, pig- 
mented, triangular area posterior to the old head capsule with one 
angle of the triangle directed posteriorly and the other two angles 
encircling the head capsule and joining ventrally. This period is 
referred to as the ‘‘triangle stage” of the moult. The “triangle” when 
viewed under the microscope shows the chitinized texture of the new 
head though the markings and sutures are not definitely visible until 
just preceding ecdysis when the old cuticula becomes very transparent 
and the head has grown further back into the old prothoracic region. 
As the new head presses the posterior area further backward, the old 
cuticula becomes more and more stretched in the thoracic region. 
The anterior portion of the new head extends into the old head capsule, 
which is now dry and has hardened into a mere shell. The labium of 
the new head is stretched and pressed very tightly against the base of 
the old capsule ventrally, while the frontal portion with the clypeus and 
labrum is held less tightly in the dorso-anterior part. All intervening 
space is filled with fluid. 
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The transparency of the old cuticula, which makes it possible to 
observe the newly developed parts within, is apparent first in the 
region of the new head and around the peritremes where the linings of 
the old tracheae are pulled loose. It seems evident that the moulting 
fluid must play an important part in accomplishing this thinning and 
consequent transparency which increases from hour to hour as the time 
for eedysis approaches. The new body appears in heavy folds beneath 
the cuticula. This is especially evident in the thoracic region and 
results no doubt from the rapidly growing parts being crowded together 
within the confines of the outer wall of the old body. 

Muscular Efforts. 

About an hour or so before eedysis certain muscular activities 
predict the approaching event. Throughout the “triangle stage’’ the 
larva has been inactive in its fixed position on the leaf. Now there are 
muscular pulls on the integument which become more and more vigorous 
in character. The action consists of the pulling of the old cuticula at 
the points of the muscle attachments. It is a rhythmical pull which 
centers anteriorly to the spiracle in each segment. It spreads posteriorly 
along the lines of the muscle attachments dorsal and ventral to the 
spiracle until it reaches a maximum lateral pull and effects the whole 
of the integument including a definite upward pull on the prolegs and 
true legs. Before the maximum lateral pull is noted, however, there 
is a dorsal pull on the cuticula at the depths of the folds of the thorax 
and at a mid-dorsal point of the anterior end of each abdominal segment. 
The lateral pull is more strenuous in the posterior segments first. The 
dorsal pull appears to spread from the anterior segments. This pull 
appears to have something to do with the spread of the moulting fluid 
and perhaps with its exudation from the moulting glands. When the 
muscular action is slight, the pull is almost simultaneous in each seg- 
ment. As it increases in vigor, the cuticula is pulled in irregularly and 
independently at different points. The pull then appears to be localized 

^ach point. 

\ FLLID PRrSSURLS. 

uie activity in the prolegs is evideift about thirty minutes preceding 
e Vs when the outline of the new proleg is defined within the old 
a e. At the base of each proleg there is a heavy fold of cuticula 
bi i out apparently with a fluid contained within, as in the case of 
tb\ \iangle” area of the thorax previous to the appearance of the 
This fluid soon fills in the area between the new proleg and 
the ola proleg capsule. The new proleg lies freely in the liquid of the 
proleg capsule still attached basally by ligaments to the basal wall 
of the old capsule. It is now and then retracted or telescoped into its 
basal part by the muscular attachments. This action increases in 
vigor and accompanies the lateral and dorsal contractions of the body 
previously described. • 

There is definitely a pressure established within the body preceding 
the final shedding of the skin. This is most evident in the last twenty 
minutes of the moult. As the old cuticula becomes completely 
separated in the thoracic region, from the new, the inner body swells 
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and fills out and straightens the folds in the integument previously 
noted in this region. The new proleg becomes turgid with blood from 
the body cavity and forces the moulting fluid out of the old capsule. 
As the swelling subsides the prolegs are withdrawn from the leg capsules 
which consequently shrink closely to the body wall. At this time the 
new body within shows clearly over the entire surface, though the 
similarity of details of the outer and inner do not make this distinct 
except where the swelling of the new body has shifted the inner parts 
forward so that the markings contrast with those above. In the anterior 
region the fluid beneath the cuticula is withdrawn. This creates a 
suction which draws the cuticula closely to the underlying parts causing 
it to fall into creases. There is a general wrinkling of the outer cuticula 
over the whole body. It would appear that this was due also to the 
withdrawal of excess moulting fluid. 

Air and Fluid in the Alimentary Canal. 

At the time when this swelling of the inner body is noted it is evident 
that air is drawn into the alimentary canal. Careful observations also 
show that the head capsule is filled with a fluid which is constantly 
sucked backwards. By pulling away parts of the old head capsule so 
as to expose the new head and pharyngeal cavity, the fluid, which fills 
all the space within the old capsule not occupied by the new head, can 
be drawn off in droplets. Normally this fluid which continues to 
gather throughout this period is taken care of within the body as none 
is evident here at the time of ecdysis. Observations show that this 
fluid is sucked internally into the alimentary canal. As the fluid 
ceases to gather, the sucking movements continue thus drawing air 
into the alimentary canal until ecdysis is complete. 

Monnier (1872) in aquatic larvae, de Bellesne (1877) in Odonata, 
Herculais d’ Kunckel (1890), Knab (1919, 1911), Shafer (1923) have all 
recognized the fact that mechanical pressure forces the blood against 
the body wall and thus enables it to exert a pressure against the outer 
integument which accomplishes the rupture at ecdysis, and that this 
pressure is established by an accumulation of air in the alimentary 
canal. Monnier (1872) first recognized the presence of air in the ali- 
mentary canal and its function, but de Bellesne first observed that this 
air was swallowed by the insect. * The swallowing of liquid has not 
been previously noted, though Shafer noted the presence of a fluid 
more viscous and less transparent than water” in the alimentary canal 
of Odonata after the moult. 

In the silkworm there is a throbbing action in the clypeal region 
of the head accompanying the sucking movement of the pharynx. 
The tissue is drawn in at regular intervals. The fluid collects within 
the mouth cavity in the epipharyngeal region. Though no moulting 
glands have been found located in the head and the origin of the fluid 
is not explained, yet it seems to be related to the moulting fluid. As 
the mouth cavity is filled with fluid, the open mandible^ close upon it 
and work it backwards with a regular and vigorous pull. At the 
same time the hypopharynx works in the same direction and within a 
minute, or less, of the time when the mouth cavity is full, the fluid is 
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sucked into the alimentary canal and the mouth cavity is empty again. 
There appears to be no excess of fluid drawn away with the stomodaeum 
when it is pulled away with the head capsule either artificially or 
naturally. It would appear therefore that all the excess fluid as well 
as that which appears to gather within the mouth cavity at this time is 
gulped down the oesophagus with or before air is swallowed The 
effect of swallowing fluid and air would be to dilate the digestive tube. 
The fixed quantity of blood in the body, as pointed out by Knab, 
Shafer, and others, is driven to the periphery of the haemocoel by 
pressure exerted by the dilated digestive tube, thus obtaining the 
necessary force to accomplish ecdysis. 

It may be noted here that this is the same mechanism which initiates 
and accomplishes the expansion of the wings of the young imago, by 
means of blood forced out through them, and also aids certain insects 
to elongate the body for the purpose of ovipositing, (Herculais d’ 
Kunckel, 1894). It is this mechanism which enables certain insects 
at least to effect the hatching process from the egg covering, (Hubbard, 
1885, Psocid citricola Ash; Peyerimhoff, 1901, Stenopsoeus cruciatus L.; 
Wachter, 1925, Ectopsocus californicus Banks.) 

The principle of the inflation of the digestive tube with air, as 
fundamental in the moulting, hatching, and other processes in insects 
is thus a well-established one. In addition, as here pointed out, more 
or less liquid secretion is also drawn into the digestive tract. Muscular 
exertions unaided appear to be inadequate to liberate the insect from 
the exuvise, as Knab and others have stated. The new chitinous 
cuticula is too soft to offer much resistance to the pull of the muscles 
now inserted here. 

The Ecdysis. 

The maximum swelling due to the air and fluid which is being 
steadily drawn into the digestive tract exerting a pressure upon the 
body wall occurs in the anterior of the body immediately preceding 
ecdysis. Simultaneous with the swelling there is a shortening and 
lengthening in the horizontal direction between the segments. This 
activity begins in the posterior segmeij^s and advances in waves forward. 
It arises first in the region of the sixth abdominal segment but the 
initiation of the wave recedes to the seventh, eighth and posterior 
region of the body before ecdysis is complete. As the forward part of 
the body is forced against the contact between the head capsule and 
the thoracic cuticula, the pressure becomes so great that a rupture in 
the old cuticula results. This is a circular tear starting near the labium 
at a mid-ventral point and extending around the old head capsule 
where it is attached to the neck membrane. With the first break in 
the cuticula the new body bulges out and appears as a small nob at 
the base of the head but this disappears immediately as the slit con- 
tinues around the lateral contacts. The contact at the mid-dorsal 
point holds just long enftugh to cause the head to be drawn up and 
back. This last attachment snaps quickly. The head is now greatly 
inflated with blood, and when the rupture is complete the posterior 
parts of the new head are grasped tightly by the neck membrane thus 
avoiding any loss of pressure within the body necessary for the com- 
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pletion of the moult. The rupture is sudden, and the old head capsule 
is expulsively thrown off followed by a forward movement of the new 
body out of the old cuticula. After the rupture the head assumes a 
normal position and the old capsule, which is the only part forced off 
by the rupture, sometimes clings to the anterior end enclosing the new 
mandibles until it is removed by rubbing it against the leaf or with the 
aid of the fore legs. The slipping off of the old skin takes about a 
minute. 

As previously stated, a forward movement of the body begins 
beneath the old integument before the rupture takes place. The 
anterior prolegs are entirely withdrawn from their capsules. The 
second, third, and fourth abdominal segments apparently are the first 
to move forward, as here the tracheal linings are seen to be pulled out 
from the corresponding tracheae as these segments move forward. 
The tracheal linings, now apparently without air, are seen stretching 
along the side of the body backward from the new spiracle to the old. 
The first and fifth abdominal segments then take part in the movement 
as evidenced by the relation of the corresponding exuviated tracheal 
tubes and their corresponding spiracles, old and new. The lining of 
the thoracic tracheal tube now slips out in a dorsal direction instead 
of posteriorly as in the case of the other tracheal tubes. The pressure 
here is upward as the thorax is swelling previous to the rupture. The 
thoracic tracheal linings and the linings of the trachea? in the posterior 
three abdominal segments are the last to be pulled out of their cor- 
responding tracheal tubes, and hence the corresponding spiracles are 
presumably the last to remain functional during the process of tracheal 
eedysis. The posterior tracheal linings remain intact after the rupture, 
and after the slipping back of the old cuticula at the anterior of the 
body has begun. The backward movement of the cuticula is so rapid 
after the rupture actually takes place that the spiracles of the anterior 
end of the body begin to function before the tracheal linings are pulled 
out of their corresponding tracheal tubes in the posterior end of the 
body. Thus there is almost no interval when respiration may not 
take place either at the posterior or anterior end of the body during 
moulting. 


The Moulting Glands and Their Fluid. 

Newport (1832) is said by Packard to be the first one to have observed 
the moulting fluid. However, according to Swammerdam Malpighi, 
Professor of Physics and Philosophy in Bologne, publishing his observa- 
tion on the Metamorphosis of the Silkworm in 1669, states with reference 
to the pupal eedysis that ‘‘this process is assisted greatly by a yellow 
kind of ichor or fluid which breaks forth in the cavities of the skull.” 
The gland cells which furnish this fluid have been designated by 
Holmgren (1895) as Verson’s glands, as it was he who made the first 
detailed study of these glands in the silkworm. 

In the silkworms under observation at a time preceding the moult 
from ten to thirty hours, these glands have a very similar structure in 
all segments but differ somewhat in size, position, shape, and distribution 
of nuclear material. Each gland is a single giant cell The nuclear 
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The Moulting Glands of the Silkworm, 

Fig 1. Cross-section through metathorax DG, Dorsal moulting gland VG, 
Ventral moultmg gland A, Gut B, Aorta C, Old cuticula. 
E, Nerve cord F, Fat cells H, Hypoderm L, Leg M, Muscle. 
S, Silk gland duct W, Position of imaginal wing in sections posterior 
to this T, Tradiea 

Fig 2 Dorsal gland of third abdominal segment. 

Fig 3 Dorsal gland of first abdominal segment 

Fig. 4. Dorsal gland near anal horn of eighth abdominal segment O, Opening of 
gland. H, Hypoderm V, Vacuolated cytoplasm N, Nucleus. 
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material is spread out along the line of the length of the cell, (Figure 
II-N). Fine radiations from the main branches are numerous especially 
at the wider portions of the gland. In some cells it is concentrated 
in the central region with branches extending from this, (Figure iV-N). 
If the gland has finger-like lobes, the branches of nuclear material extend 
into these lobes, (Figure III-N). Outside of the nuclear material the 
gland is distinctly vacuolated everywhere (Figures II, III, IV -V) 
except at the point where it is in contact with the hypodermal layer. 
Certain hypodermal cells surround the tubular duct of the gland and 
appear as a guard to that opening. The intima of the normal hypodermal 
cells appear to be continuous around the surface of the gland. 

As determined by Verson, there are fifteen pairs of moulting glands 
in the silkworm. They are large and conspicuous and situated as 
follows: A dorso-lateral pair in each thoracic and each abdominal 
segment, namely eleven dorso-lateral pairs of glands; a pair at the base 
of each of the thoracic legs, namely, three latero-ventral thoracic 
pairs; and a pair at the base of the anal horn. The dorso-lateral 
glands are found in the anterior half of each segment and extend back- 
ward within the segment. Antero-posteriorly, these glands vary little 
in length from segment to segment. Ventro-dorsally, there is a slight 
difference in the vertical and horizontal diameters. Those in the 
anterior abdominal segments have a vertical diameter twice or three 
times that of the horizontal diameter, (Figure II). Those in the posterior 
segments appear about the same in vertical and horizontal diameters, 
(Figure IV) . There is considerable irregularity in the width of these glands 
as a whole, as observed in cross sections, (Figures II, III, IV). The 
shape of the glands is in general elongate-tubular with many irregularities 
in the form of finger-like extensions, (Figure III). In the same segment 
the gland on one side may be regular in its long, narrow form while 
that on the other has projecting lobes. This irregularity would indicate 
that the shape varies with the functioning of the gland. The glands 
in one area may function at a different time from those in another 
area. The dorso-lateral glands are all located about midway between 
the spiracle and a mid-dorsal line, and open at the surface dorso-laterally, 
(Figure I-DG). The pair at the base of the dorsal horn of the eighth 
segment is very close to the mid-dorsal line. Each one opens to the 
surface on either side of the dorsal blood vessel. The ventro-lateral 
glands are located just above the attachment of the leg to the body and 
open ventrally at the base of the leg, (Figure I-VG). 

Summary. 

In the previous observations, several important physiolo- 
gical features of the moult are noted. The first of these is 
the formation of an inner layer of chitin by the hypodermal 
cells active as chitogenous cells. This is perhaps the first step 
in the moulting process. At this time the insect has barely 
ceased feeding, and the last pellet of foecal matter has not been 
eliminated. The insect is in the stage which might be called 
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the “glossy stage.” Packard considers that the “formation 
of the new layer of chitin arrests the supply of nourishment to 
the old skin, so that it dries, and hardens. The next step is the 
exudation of the moulting fluid which spreads out as a thin 
sheet of liquid between the old and new cuticula and finally 
fills all available pockets such as the head capsule, the proleg 
and leg capsules, and the dorsal horn as the respective parts 
are withdrawn from these. This fluid is an important feature 
of the process of moulting. It is furnished by certain highly- 
modified hypodermal glands known as “exuvial glands.” 
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A DESCRIPTION OF THE MALE OF PROCERATIUM 
CROCEUM EMERY, WITH REMARKS. 


M. R. Smith, 

A. & M. College, Mississippi.* 

Although the genus Proceratium was erected by Roger in 
1863, the few species in this genus are known only from the 
worker and female phases. This has been due probably to 
the following reasons: either that myrmecologists have neglected 
to describe the males which they have collected, or they have 
not been fortunate enough to find the males associated with the 
females or workers, or they have failed to collect the males at all. 

Three species with several subspecies and varieties have been 
recorded for North America. The most common of these in 
Mississippi, at least, is the species P. croceum, the colonies of 
which I have usually found in rotting stumps and logs. Although 
this is not a rare ant in Mississippi, it is by no means a common 
species. The colonies of P. croceum are very small. In one 
of the largest colonies that I have found there was a dealate 
queen and 30 workers. In a smaller colony I found 1 dealate 
female and 11 workers. It is not unusual to find a single dealate 
queen alone. 

During the summer of 1929 I was fortunate enough to find 
a colony of P. croceum which in addition to workers contained 
both alate males and females. From some of these specimens 
I have drawn the description given below. Since this is the 
first male to be described for the genus I have thought it 
advisable to present figures also. 

I am indebted to Dr. W. M. Wheeler for his opinion con- 
cerning the taxonomical status* of the ants, and to Mrs. G. G. 
DeBord for the accompanying illustrations. 

Proceratium croceum (Roger). 

P. croceum (Roger), fieri. Ent. Zeitschr., Vol. 4, p. 288 (1860), female ( Ponera 
crocea). 

Syspkingta? crocea , Mayr, Sitzungsb. Akad. Wiss. Wien, Vol. 53, p. 501 (1S66), 
female. 

P. croceum Mayr. Verh. Zool. Bot. Ges. Wien, Vol. 36, p. 437 (1886); Emery, 
Zool. Jahrb. Syst. Vol. 8, p. 264, PI. 8, f. 5? 6 (1895), worker and female. 

1 A contribution from the Mississippi Agricultural Experiment Station. 
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Male Length : 3 75-4 25 mm 

Head, excluding the mandibles, slightly broader than long when 
measured from side to side through the center of the eyes, posterior 
border and posterior angles strongly rounded Vertex with 3 fairly 
prominent ocelli, the distance between one of the lateral and the median 



Male of Proceratium croceum (Roger) 

Fig. 1, Dorsal view of body. Fig. 2, Lateral view of body. 
Fig. 3, Anterior view of head. (All greatly enlarged.) 


ocellus less than that between the two lateral ocelli. Eyes large and 
prominent, oblong-oval, strongly convex. Antennae 13-segmented, sub- 
filiform; scape short, moderately stout, not attaining the anterior 
border of the median ocellus: last funicular segment slightly longer 
than the two preceding segments taken together. Frontal carinae 
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short, subparallel, not concealing the pedicels of the scapes. Region 
of the frontal area deeply impressed. Anterior border of the clypeus 
broadly, but gently emarginate medianly. Mandibles well developed, 
subtriangular, the apical margins of each edentate and strongly sinuate, 
terminating in a sharp apical point. Thorax short and massive. 
Pronotum well developed, easily discernible dorsally, with rather 
distinct humeral angles. Mesonotum without Mayrian furrows but 
with fairly distinct parapsidal sutures posteriorly, the anterior median 
portion of mesonotum subtruncate, and fitting into the deep, central 
emargination of the posterior border of the prothoraxi Wings sordid 
brownish; pilose throughout, and with ciliated margins; the anterior 
pair, each with a very large and distinct stigma, and an open radial 
cell, a closed cubital cell, but no discoidal cell. Scutellum with a distinct 
median carina posteriorly. Metanotum terminating centrally in a 
large, pointed tooth or tubercle. Base of epinotum distinctly shorter 
than the declivity, the two, meeting in a very definite angle; at the point 
of their junction there is a deep median furrow which extends throughout 
most of the base of the epinotum. Distal end of the tibia of each 
leg with a single, well defined spur. Petiole with the anterior surface 
decidedly declivous, on each side, the declivous surface more or less 
bounded by a lateral border which terminates an tero- vent rally in a 
small, blunt tooth or tubercle; superior margin entire, rounded from 
side to side, and rather abruptly meeting the very short and somewhat 
vertical posterior surface; ventral surface with a lamellar plate, which 
is backwardly directed. Caster oblong, the apex reflexed but not 
quite so strongly as with the worker or female; the first segment 
truncate at base, meeting the second segment in a very strong con- 
striction; the second segment large, easily occupying more than one 
half of that portion of the dorsum which is visible from above; genitalia 
capable of being extruded or retracted. 

Mandibles, clypeus, frontal area, scapes of antennae, anterior surface 
of petiole, legs, and gaster smooth and shining; remainder of body 
subopaque. Head, thorax, and petiole, rugulose-reticulate; the sculptur- 
ing on the head somewhat fine, that on the thorax heavier, especially 
on the pleurae of the prothorax, and on the epinotum; petiole also- 
similarly sculptured. 

Pilosity golden yellowish; suberect? moderately dense, covering 
all parts of the body. Pubescen6e of the same color as the pilosity, 
dense, covering all parts of the body, but less abundant and less con- 
spicuous on the pleurae of the thorax; in some lights the pile and 
pubescence give the body a burnish golden tinge. 

Ferruginous; head, dorsum of thorax, petiole and gaster infuscated. 

Described from three alate males, which, with a large num- 
ber of alate females, and workers were collected from several 
cavities in a rotting pine log, 4 miles north of Aberdeen, 
Mississippi, on August 19, 1929. 

Cotypes are in the collection of the Department of Ento- 
mology of the Mississippi A. & M. College, and my collection. 



TARSAL CLAWS OF NOCTUID LARVAE. 


J. H. Hawkins, 

Agricultural Experiment Station, Orono, Maine. 

All species of noctuid larvae have many characteristics in 
common and certain closely related forms are similar even to 
minute structural detail. Species of different genera are some- 
times so much alike that they can scarcely be identified in 
the larval stage. Taken as a whole the group offers serious 
difficulties for the taxonomist and it has been found necessary 
to rear some species to the adult stage in order to identify 
them. Natural colors of these caterpillars are sometimes 
specific, but unfortunately color patterns of preserved specimens 
are not always reliable. At the present time no single character 
is known which is variable with the species sufficiently to be of 
use in the taxonomy of the whole family. A comparative 
study of many details of form and structure is a prerequisite of 
the identification of certain species of noctuid larvae. Con- 
sequently any character which is constant in form within a 
species and variable within the family may serve as an aid to 
the identification of unknown specimens. Tarsal claws of 
noctuid larvae are fairly constant for the species and are com- 
monly of different forms and proportions in different species. 

Before explaining methods of comparison a general descrip- 
tion of a typical tarsal claw may be helpful. The broad base 
of the claw is attached to the distal extremity of the tarsal 
segment by a whitish, flexible meijabrane which forms a triangle 
on the lateral aspect of the claw. The two sides of the triangle 
are the base and the ventral margin of the claw respectively 
and the hypotenuse is the line separating the membrane from 
the sclerotized distal portion. (Fig. 1, BCb.) A somewhat 
tapering hook, curved in a ventrad direction, extends distally 
from the dorsal portion of the base and a convex angulate 
process, much shorter than the hook is produced distally from 
the' ventral portion of the base and for convenience in this 
paper is termed the sole. Occasionally the sole may be only a 
flattened surface projecting but little or even receding towards 
the base. (Fig. 6.) That there are variations in the length. 
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shape and curvature of the hooks is shown in a comparison of 
the claws of Euxoa messoria Harr, and Agrotis unicolor Walk. 
(Figs. 1 and 2.) The claw of the hook of E. messoria is pro- 
portionally narrower at its base, slightly less curved and less 
tapering than that of A. unicolor. However, the greatest 



Tarsal Claws of Noctuid Larvae. 

Pig. 1. Euxoa messoria Harris. Fig. 2, Agrotis unicolor Walk. 

Pig. 3. Agrotis c-nigrum L. Fig. 4. Cirphis unipuncta Haw. 

Pig. 5. Folia meditata Grote. Pig. 6. Nephalodes emmedonia Cram. 

difference between the claws of these two species lies not in 
their hooks but in their soles. The sole of E. messoria is an 
angular process while that of A. unicolor is merely a rounding 
of the distal margin of this region. These two species bear 
claws which are so different that a simple comparison is sufficient 
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for one to distinguish them from each other. In other species 
the differences are less obvious and it is necessary to make 
careful measurements and comparisons, if they are to be dis- 
closed. Figures 3, 4, 5 and 6 illustrate other forms of tarsal 
claws of this group of larvae. 

It is sometimes desirable to establish differences of a minute 
character in the study of tarsal claws. In order to demon- 
strate such differences, enlarged photographs can be made by 
^eing a photomicrographic camera. These photographs can 
then be reversed, their outlines traced, and lines drawn as 
follows: AB is drawn from the distal extremity of the hook 
to the dorsal margin of the claw at the point of junction with 
the tarsus (Fig. 1); ab is drawn perpendicular to the line AB 
through the point of junction of the hook and the sole. The 
ratio of the length of the line AB to the length of the line ab 
represents the ratio of the straight line length of the sclerotized 
portion of the claw to the transverse dimension; the line ab 
striking the margin of the claw at or near the proximal limits 
of sclerotization. Decrease in the length of the line AB in pro- 
portion to the length of ab is usually associated with a correspond- 
ing increase in curvature of the hook. The line eg is drawn 
parallel to ab through the most distal point on the margin of 
the sole and the line ef represents approximately the distal 
limits of the curve or angle, as the case may be. The line ab 
striking the ventral margin at the point b, marks approximately 
the distal limits of the membraneous portion of the claw and 
represents the approximate width of the distal curve. Ac is 
a chord connecting the extreme limits of the ventral curve 
of the hook and represents the*straight line length of that 
part of the claw. 

Ratios obtained by dividing the unit length of various lines, 
representing different parts of the tarsal claw as described above, 
have been found useful in obviating the necessity of having 
all claws to be compared photographed at the same magnifi- 
cation. They should be photographed from the same angle 
however, and it is better to use the claws from correspond- 
ing legs of larvae being compared. Claws can be transferred 
from 95 per cent alcohpl to carbo xylol and after clearing can 
be mounted on slides in balsam. They can be manipulated in 
the balsam with a needle wet in carbo xylol and should be 
mounted flat on the slide so that all the mounts to be compared 
present the same lateral aspect. 
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Claws of several species of noctuid larvae have been 
measured and the ratios are presented in the accompanying 
table. The ratios are as follows: AB to Ac the length of the 
sclerotized portion of the claw to the length of the hook, both 
being straight line lengths; ab to ac the width of the claw to 
the width of the hook at its base; ab to cb the width of the claw 
to the width of the sole; and cb to ef represents the ratio of the 
width of the sole to its altitude. 


TABLE OF RATIOS. 
Parts of Tarsal Claws. 



AB : Ac 

ab : ac 

ab : cb 

cb : ef 

Euxoa messoria Harr 

2 00 

2.00 

2.00 

1.58 

Euxoa tessellata Harr 

2 56 

1.50 

3.00 

2.75 

Euxoa ochrogaster Guen . . . 

2 03 

1.90 

2.11 

3.80 

Feltia gladiaria Morr 

2.25 

2.09 

1.91 

3.50 

Feltia ductus Walk 

1.90 

1.15 

1.42 

2.87 

Feltia herilis Grt 

2 28 

1.80 

2.45 

2.25 

Feltia volubilis Harv 

2.13 

2.04 

1.95 

3.63 

Feltia annexa Treit 

2.06 

2 27 

1.79 

2.33 

Feltia malefida Guen 

2.19 

2 18 

1.84 

3.12 

Agrotis ypsilon Rott 

1.97 

2.00 

2.00 

5.00 

Agrotis c-nigrum L 

2.15 

1.53 

1.65 

2.35 

Agrotis bicarnea Guen. . 

2.11 

2.25 

1.80 

5.00 

Agrotis normaniana Grt . . . 


2.63 

1.92 

5.55 

Agrotis phyllophora Grt . . . 


2.21 

1.82 

5 11 

Agrotis fennica Tausch. . . . 

2 09 

2.05 

1.95 

2.22 

Agrotis unicolor Wlk 

2.04' 

2.15 

1.80 

7.33 

Lycophotia occulata L 

2.06 

2.01 

■ 

1:90 

5.50 

Lycophotia margaritosa Haw. 

2.18 

2.52 

1.08 

4.83 

Lampra brunneicollis Grt.. . 

2 20 

2.04 

1.83 

8.00 

Folia imbrifera Guen 

1 80 

3.43 


3.66 

Polior meditata Grt 

2.29 

2.15 


2.85 

Folia legitima Grt 

1.76 

2.05 

1.91 

2.12 

Polia renigera Steph 

2.04 

2.52 

1.65 

2.60 

Nephalodes emmedonia Cram. 

1.73 

1.75 

2.33 

7.50 
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PROFESSOR HERBERT OSBORN 

Editor Emeritus. 

The Editorial Board of the Annals of the Entomological Society of 
America, as representative of the sentiment of the Society, wishes in 
this manner to express the Society’s appreciation of the long years of 
service of Professor Osborn as Managing Eclitor of the Annals. It is 
fitting at this time to present a portrait and a brief sketch of the Editor 
Emeritus to whom the present editorial policies, the form and quality 
of the Annals from its inception to the present are largely due. 

Professor Osborn was bom at Lafayette, Wis., March 19, 1856. 
He graduated at Iowa State College in 1879 and from this date to 1898 
was engaged in zoological and entomological work at Ames. From his 
Alma Mater he received the degree of M. S. in 1880 and that of Sc. D. 
in 1916. He was Professor and Head of the Department of Zoology 
and Entomology from 1885 to 1898. From 1898 to 1916 he was Head 
of the Department of Zoology and Entomology at Ohio State University 
and since 1916 Research Professor. 

Besides developing the work in Entomology at Ohio State Uni* 
versity, he was especially interested in the development of the Ohio 
State University Lake Laboratory, of which he was Director from 1898 
to 1918, and in the development of the Ohio Biological Survey, of 
which he has been Director since 19f2. He was State Entomologist 
of Iowa in 1898, President of the Iowa Academy of Science in 1887, 
President of the American Association of Economic Entomologists in 
1898, President of the Ohio Academy of Science in 1904, President of 
the American Microscopical Society in 1907-09, President of the 
Entomological Society of America in 1911, President of the Society for 
the Promotion of Agricultural Science in 1917-18, and Vice-President 
(Chairman of Section F.) of the American Association for the Advance- 
ment of Science in 1917; 

On examining Professor Osborn’s bibliography as compiled in the 
University records we find that his major interests have been along 
two lines, one in general* economic entomology and the other in the 
systematics and biology of the hemipteroid insects. These papers . 
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make a total of nearly three hundred items. Along with these has been 
a steady output of papers in agricultural and popular journals which 
have helped to show the value of economic entomology to the general 
public. The latter series totals two hundred and fifty papers. His first 
scientific article appeared in 1879, then followed a series of one hundred 
and fifty papers on various insect pests which increased in frequency 
until about 1900, since which time papers on the Hemiptera have largely 
displaced them, a series which now approaches one hundred items. Some 
lesser interests appear. In 1883 he published his first article on parasites 
of domestic animals which started a series of twenty papers that reached 
its peak in the classical bulletin, “ Insects Affecting Domestic Animals. ” 
Another interest is found in the series of articles on Thysanoptera, while 
a third interest is one on insects affecting pasture and grass-lands. 
Professor Osborn was the first to show the great damage done to 
meadows and forage by such inconspicuous insects as leafhoppers and 
other minute Hemipteroids. As Research Professor he has just pub- 
lished in the “Leafhoppers of Ohio” the results of thirty years of 
collecting in the State and is at present working largely on Neotropic 
leafhoppers. 

Professor Osborn has never approached any phase of his work 
•except with a profound respect for its importance. It is probably 
this attitude more than any other thing, except perhaps his example of 
unremitting work, that has inspired so many of his students Even 
vacations have been crowded with either economic entomology or the 
collecting of more Hemiptera. 

Professor Osborn’s greatest contribution to Science in general and 
to Entomology in particular is in the body of graduate students who 
acquired from him their enthusiasm for the science to which he is 
devoting his life. 

An appreciation from the Society is especially fitting at this time as 
it marks the rounding out of fifty years of scientific labor which has given 
him <his present eminence in Science and Education. In the same spirit 
was the testimonial dinner given in his honor on December 17, 1929, 
by his colleagues and students and the degree of Doctor of Laws con- 
ferred on him by the University of Pittsburgh, February 10, 1930, both 
honors in memory of his long service* to Science. 


Editorial Board: 
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THE MOUTH-PARTS OF THE LARVAL AND ADULT 
STAGES OF DERMESTES VULPINUS F.* 

Verna E. Robinson, 

St. Paul, Minn. 

INTRODUCTION. 

The cosmopolitan species, Dermestes vulpinus Fabricius has 
long been considered an insect of economic importance. At 
one time it committed such ravages upon furs of the Hudson’s 
Bay Company in its storehouses in London that a reward of 
200,000 Pounds was offered for a means of effectually destroying 
it (Lintner, 1884). Since that time it has been reported 
destroying hides and leather in many different countries. 
Distant (1877) told of a cargo of dried hides received in London 
from China which had suffered damage from its ravages as 
great as 15 to 20 percent of the value. Jones (1880) gave an 
account of the hide beetle found at work in goat skins from 
Russia, Arabia, Mexico, Turkey, and Cape Town, South 
Africa. Its activities are well known in the tanneries and 
shoe factories of our own country (Riley, 1880), (Lintner, 1887). 
Illingworth (1918) stated that D. vulpinus F. was the principal 
cause of injury to. the dried fish in Honolulu. Kimura and 
Takakura (1919) reported its ravages of the dried fish in Japan. 
As early as 1837 it was recorded as destroying a cargo of cork 
brought to England from Brazil (Bowerbank, 1837). Holland 
(1890) reported a loss of 2 percent of a shipment of cork from 
Spain, due to its ravages. Snyder^l920) described “one of the 
most serious cases of direct injury to metal by insects — that by 
D vulpinus F. to tubular lead telephone fuses.” The insect 
eats through the lead (alloy) tape of the fuses. It has also 
earned the title of “bone beetle” from its frequent infestations 
of bones wherever they are stored in large quantities. They 
feed on the dirty bones and then bore into the framework of 
the storage buildings to pupate. Walker (1884) reported a 
case at Queensborough, England, where the wooden framework 

‘Contribution from the Zoological Laboratories of the University of 
Minnesota. 
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of a storage room in a bone-boiling works was destroyed by their 
honey-combing activities Potter (1898) reported similar rav- 
ages in New Zealand. The hide beetle was found in great 
numbers in the hoof-drying room and the bone-fertilizer store 
rooms of a packing plant in St. Paul, Minnesota, where the 
larvae have honey-combed areas in the wooden framework as 
large as a foot square and one to two inches deep. 

Little has been done on the anatomy of this important 
species. Riley (1886) described the mouth parts and external 
characteristics of the larvae briefly. Kreyenberg (1928) de- 
scribed the larval mouth parts and the digestive systems of 
this species and Dermestes lardarius Linneaus. Since only 
these two brief papers have been found which describe the 
mouth parts of the larva of the hide beetle and because there 
is comparatively little information available on the mouth 
parts of Coleopterous larvae and adults, special stress has been 
laid on the mouth parts of the larva and adult of D. vulpinus F. 
in this paper. 


METHODS AND MATERIALS. 

Fresh material was used for all of the dissections. Permanent 
mounts were made for the study of the mouth parts. In some 
cases the structures were mounted in Buxton’s fluid (Buxton, 
1921) as soon as they were dissected from the fresh specimens. 
In other cases they were dehydrated, cleared in xylol, and 
then mounted in balsam. It was found beneficial to use 
haematoxylin and acid fuchsin in studying the finer details of 
the larval labrum and and the adult labium. 

THE MOUTH PARTS. 

Unfortunately there is, at present, a great deal of variation 
in the nomenclature used in the study of insect anatomy. 
This is especially true in the study of the mouth parts for which 
the morphologists, embryologists, and systematists all have 
different names. In the absence of the much-to-be-desired 
standard nomenclature for the mouth parts, that presented by 
MacGillivray (1923) in the “External Insect- Anatomy” has 
been used in this paper. 



1930] 


Robinson: Mouth-parts of Dermestes 


401 


A. Larval Mouth Parts . 

The labrum (Plate I, Fig. 3) is saddle-shaped and a little less than 
twice as large as that of the adult. Its depth is in proportion to its 
width as 1 : 3. Somewhat convex, but not as much so as the adult 
labrum, it is less heavily sclerotized and bears fewer setae scattered 
over its dorsal surface. A few setae are longer than the depth of the 
labrum, but the rest are short, all aire pointed. There are two small, 
heavily sclerotized areas (cha) on either side of the center of the labrum 
just back of the emargination of the distal margin. These areas are, 
apparently, the bases to which the curved, sclerotic tooth-like processes 
of the underlying epipharynx (Fig. 6, tip) arc attached. There are 
four pointed seta; around the emargination which project disto-mesad. 
Besides these setae, there are other hair-like projections (meh, lah) 
which lie along the distal margin covering most of it. The number of 
these varies among individuals from 45 to 60. These processes have a 
peculiar form (Fig. 4). They consist of three definite parts. The 
first is a conical projection (conp), an integral part of the labrum, 
which arises a slight distance from the margin. This projection is 
blunt at the tip bearing a nipple-like process medially which fits into 
the concave, cup-like base (ps) of the second part, the proximal segment, 
which is the first articulating part of the structure. The membranous 
distal segment (ds) is attached to the basal segment which extends to 
the margin of the labrum. 

The five mesal structures (Fig. 3, meh) on either side of the center 
are markedly different from the others, and these five are not all alike. 
The most mesal two (Fig. 4, A) have a very short, bluntly pointed, 
uncurved, distal segment, while the other three have longer ones which 
curve sharply ventro-mesad over the labral margin. The lateral 
processes (lah) are more slender having abruptly but sharply pointed 
apices to their distal segments which all project disto-mesad. The 
more mesal of these are longer and broader, while the more lateral 
ones become progressively smaller and shorter. Kreyenberg (1928) 
studied the labrums of D. lardarius L^nd D. vulpinus F., but figured 
only that of the former, saying the two- were very similar. Specimens 
of both species have been studied by the author in an effort to verify 
his description. His figures shows the hair-like processes as being 
formed of three definite segments, but the specimens studied in this 
work did not verify this. In both cases the hair-like processes were 
observed to consist of only two definite segments, each process articu- 
lating with a conical base which is an integral part of the labrum. 
These processes are much more pointed and are more variable in 
number in D. vulpinus F. than in D. lardarius L. In the former, as 
mentioned above, they may vary from 45 to 60, while in the latter 
they vary only from 46 to f 50. In the former, there is rarely an equal 
number of processes on both sides of the labrum, usually there are 
2 or 3 more on one side than on the other; in the latter, however, there 
are usually the same number on each side of the labrum as described 
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by Kreyenberg. Roberts (1926) described structures of the labrum of 
the larvae of Phyllobius urticce DeGreer and Phyllobius pyri Linneaus 
that are, apparently, similar to the jointed, hair-like processes described 
above. He said the labrum is “’provided on the anterior margin 
with 8 down-curving setae in pairs, in addition to a pair of shorter 
much-curved setae, situated one on either side of the median pair. 
All these arise on the dorsal surface.” His descriptions and drawings 
do not give definite information regarding the basal structure of these 
seta*, but they seem to indicate a two-segmented condition in the 
lateral setae, at least. These lateral structures are all more bluntly 
rounded at the apex than those of the Dermestes. There are 18 present 
here, compared to the 45 to 60 found in the Dermestes labrum; but he 
shows long lateral, and shorter median setae which all curve downward 
and mesad, as do the structures on the Dermestes labrum. The sclerite- 
like structures that Kreyenberg figured within the labrum of D. lardarius 
L. were not found in the labrum of either species. The long, pointed, 
tooth-like projections that he figured extending proximad from the 
margin of the labrum are structures belonging to the epipharynx, as 
shown in Fig. 6, tip. This is the case in both species. 

The mandibles (Plate I, Fig. 1, 2) are nearly hidden by the labrum. 
They are broad, thick, pyramidal structures with their length, width 
and depth in the proportion of 3 : 2 : 1. They are heavily sclerotized 
and of a reddish brown color. Their sharp, cutting, inner margin 
bears three teeth, the blunt proxadentis (pd) and the more pointed 
mid-dentis (dd) and distadentis (md), (Kreyenberg, 1928), (Riley, 1886). 
Since they are convex on their dorsal surface and concave on their 
ventral surface, they are easily overlapped. In their normal position, 
one mandible overlaps the other; in some individuals it is the left and 
in some it is the right one. The lateral or exposed narrow triangular 
surface of the mandible forms a shallow groove or furrow called the 
scrobe (sb). A row of large setae arise in this furrow. A tuft of longer 
hairs arises on the lateral surface and around the base of the scrobe. 
Two distinct projections are noted on the proximal half of the inner 
margin of the larval mandible. The more distal one (WZ) is a smooth, 
membranous finger-like structure which projects inward and proximad. 
Kreyenberg (1928) figures apd describes this structure and calls it 
“ Weichhautiger Zapfen.” The other process (pc) consists of a small, 
broad, membranous lobe, the apex of which lies ventral to the inner 
lateral edge. This lobe bears many long setae which stand so close 
together that they look like a tiny, long-haired brush. Kreyenberg 
does not figure or describe this structure. It corresponds to the descrip- 
tion given by MacGillivray for the structure which he calls the 
“prostheca.” Hollis (1872) presents an interesting homology between 
the prostheca and the mandibular palpi of the isopods and crustaceans. 
The prostheca is more prominent in the mandibles of D. vulpinus F. 
than in those of the mandibulate insects which he compares with the 
isopod and crustacean structures. The mandibles have two prominent 
points of articulation with the tentorium and the head capsule; the 
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preartis and the postartis. The large preartis (pre), situated in the 
outer half of the proximal margin of the dorsal surface, is a prominent 
hemispherical cavity. The prominent postartis (ptc) is situated between 
the lateral and ventral aspects and is divided into two parts; the large 
spherical condyle which projects conspicuously from the concave 
ventral surface, and the smaller, lateral condyle lying on the proximal 
margin of the scrobe. This part of the postartis is not of spherical 
shape, but appears as a projecting shoulder extending over the margin 
of the mandible. 

The maxilla (Plate I, Fig. 5) are located under the large mandibles 
which cover them dorsad. They are complex structures whose width 
is in proportion to their length as 1 : 4. The weakly sclerotized basal 
segment, the cardo, is divided in the larval maxilla. The proximal 
sclerite, the subcardo (sa), is subquadrangular in shape. The parartis, 
the swelling located at the proximal end of the subcardo, is bifurcate 
in this form, having the exparartis (ey), a spherical swelling articulating 
on the external face of the paracoila, and the entoparartis (en) of the 
same shape but smaller articulating on the internal surface of the 
paracoila. The distal sclerite, the alacardo (al), is subtriangular in 
shape. It is located along the lateral margin of the subcardo and is 
separated from it by a longitudinal suture. It is articulated at its 
distal end with the stipes. This sclerite bears a few small setae. The 
subquadrangular stipes (s) composes the largest sclerite of the maxilla. 
It is weakly sclerotized as a whole, although it bears two heavily 
sclerotized margins where it articulates with the subgalea and the 
palpifer. There are a few setae scattered over the stipes. The distal 
part of the stipes is greatly elongated mesad. This arm bears the 
lacinia. The subgalea (sg) in the larval maxilla lies along the mesal 
margin of the stipes. It is not well developed, being small and very 
weakly sclerotized. The disto-lateral margin of the stipes bears the 
palpifer (pf). The proximal part of this structure is membranous, 
but a sclerotic band is present on the dorsal aspect of the distal end. 
The palpifer bears a few seta?. >A three-segmented palpus (mp) is 
borne by the palpifer. The third segihent has a rounded, membranous 
tip bearing a number of conical setae ’ (cs) which are probably tactile 
organs. The second segment, only, bears a few seta?. The galea (gl) 
of the larval maxilla consists of a rather large, membranous lobe which 
lias a small sclerotized area on the inner surface toward the distal end. 
It is attached to the membranous base of the palpifer. The rounded, 
distal end of the galea is covered by a thick crown of blunt setae and 
spines, the galarastra (gls). The lacinia (la) borne by the projecting 
arm of the stipes consists of two parts. A membranous lobe bearing a 
dense crown of blunt setae, the lacinarastra (lac), lies on the dorsal 
aspect. A bidentate sclerotic structure, the maxadentes (ms), forms 
the ventral surface. The lacinia of the larval maxilla of D. vulpinus 
F. examined possesses a distinctly bidentate sclerotic hook on the 
distal end. Kreyenberg (1928) figured and described the larval maxilla 
of D. lardarius L. and, as in the case of the labrum, said that it was 
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very similar to the maxilla of D. vulpinus F. The maxillae of both 
species were studied in this work. Kreyenberg’s description of the 
maxilla of D. lardarius L. was verified, but the maxilla of D. vulpinus F. 
was found to differ from it in several points. The cardo in D. vulpinus 
F. is divided by a more definite suture whose margins are more heavily 
sclerotized; the parartis of this species is clearly distinguished as a 
bifurcate structure but is only weakly sclerotized in the other; there is a 
heavily sclerotized band along the mesal margin of the stipes of this 
species but only a very weakly sclerotized band along that margin in 
the maxilla of D. lardarius L. The subgalea is present as a definite 
sclerite in both species. Kreyenberg did not describe or name this 
sclerite, although he figured it in his drawing. In both species the 
galea is attached to the palpifer as Kreyenberg figures it in D. lardarius L. 

The masticatory structures of the pharynx are located in the pre- 
pharynx (Plate I, Fig. 6), the cephalic portion of the pharynx located 
adjacent to the mouth. The structures in the larval prepharynx are 
quite generalized. The dorsal portion of the prepharynx, the pro- 
pharynx (pex), consists of two distinct regions, the epipharynx (ex) 
and the epigusta (eg). The epipharynx forms the ventral wall of the 
labrum In the larva it is the same size and shape as the labrum. 
Its caudal extent is limited by the tormae (tor) at the lateral ends of 
the clypeo-labral suture The membranous epipharynx bears two 
prominent, tooth-like, sclerotic processes (tip) in the mesal region near 
the cephalic margin. These processes are attached at their bases to 
the corresponding, heavily sclerotized areas in the labrum (Fig. 3, cha). 
As mentioned above, Kreyenberg (1928) shows these sclerotic tooth- 
like processes as belonging to the labrum of D. lardarius L. The 
labrum and epipharynx of both this species and D. vulpinus F. were 
examined in this work and these sclerotic tooth-like processes were 
found to be definitely a part of the epipharynx in both species. The 
literature describes sclerotic structures of various shapes in this region 
of the epipharynx of several Coleopterous larvae. Carpenter and 
MacDowell (1912) described two small, stout teeth in the anterior 
region to the left of the mid-line in the asymmetrical labrum of Dascillus 
cervinus Linneaus. Boving (1921) described four sclerotic plates in 
the mesal part of the anterior region *of the epipharynx of Popillia 
japonica Newman. Roberts (1926/ mentions two strongly sclerotized 
arms of the epipharynx which reach nearly to the anterior margin of 
the labrum in the larvae of Phyllobius urticee DeGeer, About a dozen 
tiny, cup-like depressions (tac) lie caudad of these processes in the 
mesal region. In the larva these tiny structures are arranged approx- 
imately in two rows, the more caudal being noticeably smaller than the 
other. These tiny depressions correspond in their structure and location 
in the epipharynx to those described by Packard (1889) which he calls 
taste-Cups. There are no setae or hooked hairs near these depressions 
for the epipharynx is entirely bare except for the two large tooth-like 
processes. The epigusta (eg) is located caudad of the epipharynx. 
Its caudal extent is limited by the transverse mandoris (mdo). In 



1930] 


Robinson: Mouth-parts of Dermestes 


405 


the larva, the epigusta bears two sclerotized rods, the epipharyngeal 
rods (exr), laterad. The ventral portion of the prepharynx, the para- 
pharynx (prx), consists in the larva of two regions, the subgusta, and 
the hypopharynx. The membranous subgusta (su) is the most caudal 
region for it borders on the mandoris. On the lateral boundaries of 
the subgusta, there are two prominent sclerites which are opposite the 
epipharyngeal rods in their caudal regions at the sides of the mandoris. 
These sclerites, the pharyngea-lingula (prg-ln), are formed by the 
fusion of three sclerites, the pharyngea, the paralingua, and the lingula. 
The distal, tongue-like portion, the hypopharynx (hx), is slightly 
convex in the larva. A prominent supporting sclerite lies in the mem- 
branous hypopharynx a little distad from the pharyngea-lingula. 
This convex sclerite (si) represents the fused salivias. It is not articu- 
lated with the pharyngea-lingular, but lies isolated in the membranous 
structure. The mouth or the salivos (so) of the salivary duct (sld) 
which lies underneath the hypopharynx, is located at the distal end of 
tlfe hypopharynx which is fused with the paraglossae (Snodgrass, 1928). 
There is no definite suture here between the paraglossae and the hypo- 
pharynx like that found by Carpenter and MacDowell (1912) in 
Geotrupes sp. No maxillulae are present. 

The labium (Plate I, Pig. 7, 8) lies on the ventral aspect of the head 
between the maxillae. It is a prominent, though weakly sclerotized, 
structure in the larva. Its width is in proportion to its length as 
1 : 2.5. The subquadrangular sclerite (sm-gu) formed by the fusion of 
the submentum and gula composes the proximal part of the labium. 
It bears a few setae on its ventral aspect. This sKerite is separated 
from the large menturfi (m) by a narrow, membranous fold which 
marks the line of attachment of the cardos. The prominent mentum 
attached to the distal end of the submentum-gula is divided into three 
parts; a central quadrangular section and two arm-like lateral sections, 
by narrow membranous areas between the central and lateral parts 
(Fig. 7, m). These narrow membranous areas function as hinges 
upon which the lateral sections fold dorsad. The weakly sclerotized 
central section extends distad to a delicate suture which separates it 
from the stipulae. In general, the sclerotization in this region extends 
only to this dividing suture, but it may pass distad a short distance 
into the membranous stipulae. The lateral sections of the mentum 
are more heavily sclerotized and bear a row of setae along their mesal 
margins. The delicate suture marking the proximal margin of the 
stipulae, definitely present in the mesal part of the lateral sections, 
becomes obsolete in the lateral regions where the mentum fuses with 
the sclerotic lateral regions of the stipulae. Here the distal end of the 
mentum is indicated only by the attachment of the distal end of the 
labacoria (lc). The stipulae (sp), distad of the mentum, is divided into 
halves by a delicate mesal suture (Fig. 7). The stipulae are also divided 
into proximal and distal regions by a distinct suture which extends 
across the mesal regions, becoming obsolete laterad (Fig. 7, 8). The 
stipulae are membranous save in the lateral and disto-lateral regions, 
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where they are heavily sclerotized. Laterad the stipulae bear the 
palpigers (pp). A few small seta} arise in the weakly sclerotized, 
proximal region of the palpigers, while the distal membranous half is 
bare. The weakly sclerotized two-segmented labial palpi (lp) arise 
from the palpigers. The distal segment of the palpi terminates in a 
rounded membranous apex, which bears a few conical setae (cs). Riley 
(1886) and Kreyenberg (1928) described three-segmented labial palpi 
in I), vulpinus P , but the segment they count as the basal segment is 
here shown to be the palpiger (pp), a fixed part of the labium which 
bears the mobile two-segmented palpi. The membranous paraglossae, 
separated from the stipulae in the mesal region by a distinct transverse 
suture, extend on to the dorsal surface of the labium and fuse with the 
disto-lateral arms of the stipule laterad to the palpigers (Fig. 8, pgo, sp). 
The glossoe are wanting and the adjacent paraglossa) are separated by a 
distinct alarima (ala). Dorsad, the paraglossa?, which are covered 
with tiny spinules, are fused with the distal margin of the bare hypo- 
pharynx save in the region adjacent to the salivos (Fig. 6, pgo, hx, so). 

B. Adult Mouth Parts. 

The labrum (Plate II, Fig. 2) of the adult is about one half the 
size of the larval structure. Its width is in proportion to its depth 
as 4 : 1. This broadly rounded, convex flap, having a distinct emargi- 
nation at the middle of its cephalic margin, is attached to the distal 
margin of the clypeus. Numerous large setae are borne over the surface 
of the labrum apd around its cephalic margin. Smaller setae are 
scattered among the larger ones. 

The adult mandibles (Plate II, Fig. 1, 3) are two thirds the size of 
those of the larva and have the same general shape. They are, however, 
more definitely pyramidal, having a well defined lateral face which 
appears as a continuation of the lateral aspect of the head. The 
dorsal aspect of the mandibles is convex, the ventral concave, and the 
lateral triangular and concave, forming a distinct scrobe. The scrobe 
(sb) is comparatively larger in the adult mandibles and bears many 
more setae. The margins are all more sharply defined and the whole 
structure is more strongly sclerotized than in the larval mandibles. 
The mesal and distal margins are ^provided with tooth-like projections 
as in the larva, but here the distadentis (dd) is more prominent, being 
long, curved and rather sharply pointed. There is no projection 
corresponding to the middentis on the larval mandible, and the inner- 
most, the proxadentis (pd) is shorter and more blunt. There is no 
structure corresponding to the “ Weichhautiger Zapfen” of the larval 
mandible here, but there is a dense area of long setae adjacent to the 
mesal margin known as the suprabrustia (spr) which lies in a position 
similar to that of the “Weichhautiger Zapfen.” The prostheca (pc) 
is prominent on the adult mandible. Here the submerpbranous lobe 
is so elongated that it extends beyond the inner margin of the mandible. 
With its brush of long setae and spinulae projecting meso-proximad it 
forms a conspicuous structure. The preartis (pre) is clearly defined in 
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the outer part of the proximal end of the dorsal aspect of the mandible. 
It is concave here, too, but more shallow than in the larval mandible. 
The postartis (ptc) is located between the lateral and ventral aspects 
of the mandible and is divided into two ball-like condyles arising from 
the scrobe and the ventral aspect respectively. 

The maxilla (Plate II, Figs. 6, 8) of the adult are only half as long 
as those of the larva. Their width is in proportion to their length as 
about 1 : 2.5. They are heavily sclerotized and the sclerites are more 
clearly defined than those in the larval maxilla?. The subtriangular 
cardo (ca) is not divided here. It is quite heavily sclerotized and 
bears numerous seta?. The parartis (par) is visible on the dorsal 
aspect. The broad stipes (s) is subtriangular in form on the ventral 
aspect and subquadrangular on the dorsal surface. The broad base 
articulates with the latero-distal margin of the cardo. This sclerite 
is not heavily sclerotized, but it bears numerous setae on its ventral 
aspect. The palpifer (pf) is attached to the disto-lateral angle of the 
stipes. This sclerite is only heavily sclerotized along the lateral surface 
where it bears a few large setae. It is subtriangular in form. Two 
structures are articulated on its distal margin, the galea (pg) from the 
ventral aspect and the maxillary palpus (mp) from the dorsal, 'I he palpi 
(mp) consist of four segments of unequal size, the first short, the second 
rather long and curved distally, the third short and barrel -shaped, and 
the last, long and conical, bearing numerous, conical setae (cs) on its 
rounded distal end. The basal half, only, of the first three segments is 
heavily sclerotized while all of the terminal segment except the mem- 
branous, sensory tip is sclerotized. Each of the* three basal palpal 
segments bears a ring of seta? on the distal margin of their sclerotic 
bands but the distal segment only bears a few along its lateral surface. 
The two-segmented galea arises from the ventral aspect of the palpifer 
in this form rather than from the stipes. Its proximal segment, the 
proxagalea (pg), is rather conical in shape with the apex articulating 
with the palpifer. It is heavily sclerotized, but bare. The distal 
segment, the distagalea (dg), is a soft, membranous lobe which bears a 
dense crown of seta?, the galarastra (gjs). The subgalea (sg) articulates 
with the mesal margin of the stipes. This subquadrangular sclerite 
bears no seta, but is sparsely punctate on both the ventral and dorsal 
aspects. A heavily sclerotized band passes along the lateral margin 
of the ventral aspect from its base to the proximal end, where it marks 
the articulation of the lacinia with the subgalea. The lacinia consists 
of two parts. A long, slightly curved hook (dh) which projects proxi- 
mad, lies on the ventral aspect. The second part, lying on the dorsal 
aspect, is a large membranous lobe with a dense covering and crown of 
seta?, possibly comparable to the lacinarastra (lac). 

The prepharyngeal structures of the adult differ in many points from 
those of the larva. The adult propharynx is subquadrangular in shape 
rather than subtriangular. Arising from the distal and lateral margins 
of the labrum, the membranous epipharynx (Plate II, Fig. 4, 5, exi, ex) 
extends outward, then bends back upon itself abruptly, forming a thin, 
membranous rim around the edge of the labrum (lab) as well as its 
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ventral lining. There is a marked difference in the size and arrange- 
ment of the setae on the different parts of the epipharynx. That 
part (exi) which forms the dorsal surface bears two or three rows of 
prominent setae along and near the lateral margins. In the mesal 
region there is a pilose area of short, spiny setae surrounding the emargi- 
tion. The most distal of these setae, which are the longest in this area, 
are about the same size as those along the lateral margins. There is a 
small region, distad to the labral margin and proximad from this pilose 
area, which is bare. That part of the epipharynx (Fig. 7, ex), which 
forms the real lining of the labrum, possesses two delicate columns of 
short setae lying on either side of the mid-line. These meso-distad 
projecting setae, which are a little larger and more numerous near the 
margin, decrease in number and size caudad until, in the proximal 
region of the epipharynx, there are only two or three on either side of the 
sensory cups. These sensory structures (tac) are similar in structure 
and position to those of the larva, but they are a little more numerous 
in the adult, and all are of the same size. Packard (1889) describes 
a similar epipharynx for Telephones rotundicollis Say as extending 
quite far in front of the labrum, forming a thin, pale, membranous, 
pilose edge and not provided with taste cups. Van Zwaluwenburg 
(1922) describes and figures a similar structure for Melanotus fissilis 
Say. In both of the cases cited, however, the epipharynx extends 
beyond only the distal margin distinctly, while in D. vtdpinus F. it 
extends beyond both the lateral and distal margins of the labrum very 
definitely (Fig. 4). The epigusta (Fig. 7, eg) in the adult propharynx 
differs in shape from that of the larva It is larger and is subquadrangu- 
lar for it tapers very slightly in the region of the mandoris. The 
mandoris (mdo) itself is about the same size as in the larva, but the 
sclerites bounding it are conspicuously larger. The epipharyngeal 
rods (exr) lie along the lateral margins of the epigusta. These weakly- 
sclerotized structures arise as delicate and narrow sclerites at the 
tormae (tor), but broaden caudad until, at the mandoris, they occupy 
two-thirds of the breadth of the propharynx. 

The adult parapharynx (prx) differs from that of the larva in several 
respects. The supporting skeletal structure (Fig. 9, prg-ln, si) lies 
ventrad to the membranous subgusta and hypopharjmx while in the 
larva the pharyngea-lingula and salivias (Plate I, Fig. 6, prg-ln, si) 
lie imbedded in these membranous structures. All of the supporting 
sclerites are fused in the adult; the salivias being fused with the pharyn- 
gea-lingula on either side, while their cephalic ends are produced and 
fused on the meson, forming a broad sclerotic band projecting ventrad 
(flate II, Fig. 9, si). This somewhat horse-shoe shaped structure 
"articulates with the epipharyngeal rods on either side of the mandoris 
(Fig. 7, mdo, exr). The convex, membranous subgusta (su) arises on 
the dorsal side of the fused pharyngea-lingula-salivias along this line 
of articulation and on the ventral side of the mandoris. The subgusta 
is densely covered with short spiny setae which point sharply caudad. 
In the adult, the membranous paraglossae (pgo) are fused dorsad on the 
meson and fused with the distal margin of the hypopharynx. These 
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prominent structures extend proximad or caudad on either side of the 
hypopharynx to fuse with the distal margin of the subgusta. In the 
larva, the paraglossae (Plate I, Fig. 6, pgo) are not fused distad, and 
they extend only a short distance latero-proximad. The proximal 
margin of the adult hypopharynx (Plate II, Fig. 7, hx) is fused to the 
distal margin of the subgusta between the paraglossae. There is no 
distinct suture marking the fusion of the membranous, slightly convex 
hypopharynx with the subgusta and the paraglossae. It is readily 
distinguished from them, however, because it is naked while they bear 
numerous setae. There is no salivos present at the distal end of the 
hypopharynx as there is in the larva. 

The labium of the adult is a very complex structure compared to 
that of the larva. The gula and submentum, the conspicuous structures 
exposed on the ventral aspect, are strongly sclerotized. The slender 
gula (Fig. 10, gu) extending from the foramen to the submentum is 
separated from the latter by the mentasuture (msu). The gula is 
nearly twice as long as the submentum, about the same in width in 
its proximal and distal regions, but much more narrow in the middle. 
This sclerite is slightly convex laterad and bears numerous small setae 
on its ventral surface. The prominent submentum is somewhat shield- 
shaped being distinctly convex laterad and slightly convex proximad 
(Fig. 9, sm). This sclerite bears fewer setae than the gula but they are 
much longer and project ventro-distad. The tough, membranous 
mentum is not visible on the ventral aspect. Firmly attached to the 
lateral and distal margins of the submentum, it is sharply retracted 
under that sclerite. On the dorsal aspect, it forms a tough, membranous 
rim (Fig. 10, m) which extends mesad from the free margins of the 
convex submentum. MacGillivray (1923) describes a membranous 
mentum which is more or less completely retracted under the sub- 
mentum for Calosoma calidum F. and Hydrous triangularis Say. The 
inner margin of the mentum bears the fused stipulae. The stipulae 
are of delicate membranous structure easily pulled away from the 
tougher mentum which is stretched over the dorsal surface of the sub- 
mentum like a drumhead. The delicate stipulae (Fig. 9, 11, sp) are 
very irregular in form. They are flexible and may be extended and 
contracted by muscles attached to the ental surface. This interesting 
detail of their structure is indicated by the fact that two or three folds 
appear on their cephalic surface when they are contracted (Fig. 11). 
From the inner margin of the mentum the stipulae extend dorsad bearing 
the palpigers, alaglossa, and paraglossae. Caudo-dorsad they are 
attached to the skeletal structure of the parapharynx (Fig. 9). Two 
peculiar lobes project laterad from the stipulae. These lobes (Fig. 9, 
11, lb) are covered with tiny, sharp, disto-dorsad projecting spines. 
The palpigers (pp) are conspicuous structures borne on the latero- 
ventral portions of the stipulae. Cephalad the palpigers are sub- 
cylindrical in form, but they taper caudad to rather delicate cord-like 
structures which are attached to the skeletal portion of the parapharynx 
(Fig. 11). The palpigers are largely membranous but they have a 
prominent heavily sclerotized spiral band which extends along the 
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lateral surfaces from the dorso- cephalic region ventro-caudad with a 
stem-like part passing far into the elongate caudal portion. A few 
large spiny setae are borne on the latero-cephalic surfaces of the palpigers. 
Three segmental labial palpi Op) are borne by the palpigers. The 
basal segment of the palpus is shorter than the others and has a smaller 
sclerotic band proximad. All of the segments have membranous 
regions distad to proximad sclerotic bands which bear a few setae on 
the ventral aspects. The third segment bears numerous conical setae 
(cs) on its distal end. The membranous paraglossae are conspicuous 
structures arising from the stipula* dorsad and mesad to the palpigers 
(Fig. 11, pgo). They are distinctly separated on the ventral aspect 
(Fig. 11) but they extend onto both surfaces of the labium and are 
completely fused on the dorsal aspect. As mentioned above, they 
extend on the dorsal aspect caudad to fuse with the subgusta, sur- 
rounding and fusing with the hypopharynx laterad and distad. (Fig. 7, 
pgo, hx). The paraglossae bear a fringe of long hairs along their distal 
margins and minute spines project cephalad along their lateral margins. 
On the ventral aspect in the mesal region they bear a few spiny setae 
projecting distad, while in the lateral regions of this and the dorsal 
aspect they bear many small hairs arranged in sub-semi-circular lines 
parallel to their distal margins. The strongly sclerotized alaglossa 
(Fig. 11, ago) lies in the mesal region between the ventral and dorsal 
surfaces of the paraglossae. The mesarima is obsolete. The alaglossa 
is composed of two heavily-sclerotizcd, convex, sub-triangular structures 
of unequal length fused at their apices (Fig. 9, ago). The shorter part 
lies on the ventral aspect, the longer on the dorsal. The latter, dorsal 
part is fused with the stipulae along the dorsal surface of its caudal 
margin (Pig. 11, ago). The vestigial salivary duct, which in the adult 
has lost its taenidia, is fused with the ventral surface near the caudal 
margin of this same dorsal part of the alaglossa. There is no salivos 
or orifice of the salivary duct present. 

SUMMARY. 

The larval labrum bears numerous two-jointed hair-like 
processes near its distal margin which are found in few Coleo- 
pterous larvae. These processes are articulated with conical 
bases which are integral parts of the labrum. 

The larval mandibles are very similar to those of other 
mandibulate insects, but they bear an unusual membranous 
finger-like structure, the “ Weichhautiger Zapfen.” 

The larval maxillae have a few characteristic points of 
structure. The cardo is divided into the subcardo and the 
alacardo. The galea is attached to the palpifer. The lacinia 
consists of two parts, a bidentate sclerotic structure and a 
membranous lobe, bearing the lacinarastra. 

I The larval epi pharynx bears two prominent tooth-like 
processes which are attached to sclerotized areas in the labrum. 
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The sclerotic portions of the larval parapharynx are fused 
into the pharyngea-lingula and the salivias. The hypopharynx 
is completely fused with the paraglossse except at the salivos. 

In the larval labium the gula and submentum are fused. 
The mentum is separated from the stipulae only by a delicate 
suture. The paraglossae fuse with the dorsal arms of the 
stipulae. 

The imaginal mandibles bear both a suprabrustia and a 
prostheca. 

The imaginal maxillae have undivided cardos. The palpifer 
bears the galea, which is divided into the proxagalea and the 
distagalea. The subgalea bears the lacinia. 

The imaginal epipharynx, extending beyond the margin of 
the labrum to which it is attached, forms a membranous rim 
there. 

In the parapharynx of the adult the supporting sclerotic 
structures lie ventrad to the subgusta and the hypopharynx. 
These structures are fused into a horse-shoe shaped arch. 

The imaginal labium has a membranous mentum which is 
retracted under the submentum. The flexible stipulae, fused 
along the inner margin of the mentum, are attached caudo- 
dorsad to the skeletal structure of the parapharynx. They 
bear the palpigers, the alaglossa and the paraglossae cephalad, 
and two peculiar, spiny lobes disto-ventrad. The palpigers are 
unusual in form as they are cylindrical distad but taper to a 
mere cord where they are attached to the skeletal portion of 
the parapharynx. The paraglossae are fused with the hypo- 
pharynx and subgusta. The alaglossa lies in the mesal region 
between the ventral and dorsal surfaces of the paraglossa. 
The vestigal salivary duct is fused with the caudal margin of 
the dorsal surface of the alaglossa. 
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EXPLANATION OF PLATES. 

The Mouth Parts. 

If the figures No. 9, Plate I and No. 12, Plate II, are taken as a standard of 1, 
then figures No. 3, Plate I, and Nos. 2, 4, 5, 11, Plate II, are drawn to the scale of 
X4 and the remaining figures are all drawn to the scale of X2. 

Plate I. 

Larval Mouth Parts. Scale, X59. 

Fig. 1. Left Mandible, ventral view. 

Fig. 2. Left Mandible, dorsal view. 

Fig. 3. Labrum, dorsal view. 

Fig. 4. Jointed-hairs enlarged. 

Fig. 5. Left Maxilla, ventral view. 

Fig. 6. Prepharynx, internal view.^ 

Fig. 7. Labium, ventral view. 

Fig. 8. Labium, lateral view. 

Fig. 9. Larval head, ventral view. 

Plate II. 

Adult Mouth Parts. Scale, X59. 

Fig. 1. Left Mandible, ventral view. 

Fig. 2. Labrum, dorsal view. 

Fig. 3. Left Mandible, dorsal view. 

Fig. 4. Epipharynx, dorsal view. 

Fig. 5. Labrum and Epipharynx, longitudinal section. 

Fig. 6. Right Maxilla, ventral view. 

Fig. 7. Prepharynx, internal view. 

Fig. 8. Right Maxilla, dorsal view. 

Fig. 9. Labium, lateral view. 

Fig. 10. Gula, Submentum, and Mentum, dorsal view. 

Fig. 11 . Labium with Submentum and Mentum removed, ventral view. 
Fig. 12. Adult Head, ventral view. 
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ABBREVIATIONS. 


A — mesal jointed-hair. 
ago — aloglossa. 
al — alacardo. 
ala — alarima. 
an — antenna. 

B — lateral jointed-hair. 

bs — basal segment. 

ca — car do. 

ce — compound eye. 

cha — chitinous area. 

conp — conical projection. 

cs — conical setae. 

dd — dis tadent is . 

dg — distagalea. 

dh — distal hook. 

ds — distal segment. 

eg — epigusta. 

en — entoparartis. 

ex — epipharynx. 

exr — epipharyngeal rod. 

ey — exparartis. 

g— gena. 

gl— galea. 

gls — galarastra. 

gu— gula. 

hx — hypophary nx . 

la — lacinia. 

lab — labrum. 

lac — lacinarastra. 

lah — lateral jointed-hair. 

lb — lobe of the stipulae. 

lc — labacoria. 

Ip — labial palpus, 
m — men turn, 
ma — mandible. 


m-sm — men tum-submentum . 

md — middent is. 

mdo — mandoris. 

meh — mesal jointed-hair. 

mp — maxillary palpus. 

mr — mesarima. 

ms — maxadentis. 

par — parartis. 

pc — pros theca. 

pd — proxadentis. 

pex — proph ar y nx . 

pf — palpifer. 

pg — proxagalea. 

pgo — paraglossa . 

pp — palpiger. 

prg-ln — pharyngea-lingu la . 

prx — parapharynx. 

ptc — postartis. 

s — stipes. 

sa — subcardo. 

sb — scrobe. 

sg — subgalea. 

si — salivia. 

sld — salivary duct. 

sm — submen turn . 

sm-gu — submen tum-gula. 

so — salivos. 

sp — stipulae. 

spr — suprabrustia. 

su — subgusta. 

tac — taste organ. 

tip — tooth-like process. 

tor — torma. 

WZ — Weichhautiger Zapfen. 
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SOME ERYTHRONEURA OF THE OBLIQUA GROUP 
(HOMOPTERA, CIC ADELLID AS) .* 


R. H. Beamer, 
University of Kansas. 


The writer has been interested in this genus of insects 
since 1924 when Wm. Robinson worked out the classification 
with the male genitalia as a basis. Among the several hundred 
specimens in the Snow Entomological Collection called Ery- 
tlironcura obliqua (Say) great variation was found. Not only 
was there considerable variation in dorsal color pattern but 
some had very dark abdomens, others very light, some were 
very small and still others were quite large. Could all this 
variation of external appearance be accounted for by variation 
within the species? The work of Robinson had given a good 
foundation upon which to work. 

Dissection of supposedly Erythroneura obliqua males then 
began. The number of kinds of male genitalia found immedi- 
ately was almost staggering. Males with black abdomens were 
always different from those with white. Black abdomened 
males with black mesosterni were different from those with 
light mesosterni. A difference in the inverted V mark of the 
vertex showed a difference in male genital structure. The 
same was true of pronotal markings and so on. Even differ- 
ences of genital structure appeared where no apparent external 
difference was noticeable. It was even difficult to find more 
than one of a kind at first. It immediately became evident 
that the first thing to be settled was what variation, if any, 
could be expected in the male genital apparatus. Accordingly 
numerous specimens of a species, easily recognized externally, 
were selected and dissected. 

The first species chosen was E. crevecoeuri (Gill.). Six 
males of this species were taken from localities as far apart as 
possible and dissected. A comparison of genital structure 
showed them to be as near alike as six peas in the same pod. 
Several hundred dissections have thus been made of quite a 

^Contribution from the Department of Entomology, University of Kansas, 
Lawrence, Kansas. 
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number of species and with like results. It seems reasonable 
to suppose then, that there would be practically no variation 
found in the genital apparatus of the same species. However, 
only after more than one thousand dissections had been made 
and the discovery that certain specimens with the same genitalia 
came from certain definite hosts, was it decided that all these 
types of genital structure were indicative of good species. 
Where but one or two specimens have been found of a kind 
they have not been included although there is no question but 
that more dissections of specimens from these localities will yield 
rmre of the same type. 

An effort has been made to study as many of the species 
previously named in this group as possible. Robinson’s types 
were all at hand and W. L. McAtee very generously loaned the 
writer all of his type material for dissection so that by far the 
most of the species have been studied. 

It has been found that only the posterior end of the styles 
and oedagus with its base and processes are of diagnostic value. 
The posterior portion of the style (PI. I, Fig. 3) a, will be spoken 
of hereafter as the foot, b, the heel, c, base of foot, d, anterior 
point and e, posterior point. 

Sixty-four species and varieties are represented; seven of 
these are raised from varietal to specific rank, 44 are new and 
the male genitalia of all of them have been studied. 


Key to the Species. 

1. Principal color markings on tegmina transverse nor covering most of 

surface 2 

Principal color markings on tegmina not transverse or covering most of 
surface, usually light colored with yellow or orange oblique vittae 17 

2. Markings transverse or covering basal half of tegmina, not back to 

cross- veins 

Dark color covering tegmina at least back to cross-veins 

3. Narrow red band across middle; pronotum and scutellum red, 

rubroscuta (Gill.) 

Red to dusky band (usually lighter in middle) across basal half of 
tegmina crevecoeuri (Gill.) 

4. One or two large heart-shaped white spots on median line; anterior point 

of style less than a right angle 

No definite white spots p 

5. One heart-shaped or diamond-shaped spot from tip of scutellum to tip of 

clavus 

Two heart-shaped spots on tegmina; beyond cross- veins some cells 


hyaline electa Me A. (3) 

6. Base of oedagus with large lateral horns bifurca n. sp. (4) 

Base of oedagus without large lateral horns pulchra n. sp. (5) 

7. Indefinite white spots on tegmina or sides of head white 8 

Evenly colored to cross- veins 9 


. 4 

( 1 ) 

( 2 ) 

. 5 
. 7 
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8 

9 

10 

11 


12 


13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 


25 


23 


27 


28 

29 

30 

31 


32 


33 

34 


Two indefinite white spots on tegmina 
Tegmina black, large species 
Usually with more or less definite oblique stripes 
Usually evenly colored species 
Usually with definite oblique stripes 
Oblique stripes absent 

Western (111 , Kans , etc ), posterior point of style sickle-shaped, 

kanza Rob 

East coast species, style with short, sharp, posterior point varia McA 


fumida (Gill ) (6) 
atrimucronata n sp (7) 
10 
13 
11 
12 


brundusa Rob 
iconica McA 


abolla McA 
var accensa McA 
vlnaria n sp 

iconica McA 
brundusa Rob. 


(8) 

(9) 

( 10 ) 

(ID 

14 

15 

( 12 ) 

(13) 

(14) 

16 
( 11 ) 
( 10 ) 

18 

47 

19 

23 


Oedagus three-branched 
Oedagus with a cross-bar just before tip 
Tegmina colored to cross-vems 
Tegmina colored throughout 
Tegmina semihyaline with pinkish tinge 
Tegmina reddish, white hickory as host 
1 egmina wine colored on costa at least 
Tegmma uniform dusky or smoky 
East coast species, oedagus with single shaft 
Central states species, oedagus trident-like 
At least some dark color on abdomen 
No dark on abdomen 

Vittae of dorsum run together with either red or black 
Vittae of dorsum not run together with red or black 
Vittae on vertex usually solid red, oedagus with large processes, 

lawsoniana Bak (15) 

Vittae on vertex yellow or dusky 20 

Vittae on vertex broadly touching eye, shaft of oedagus with lateral 
blunt tooth one-third distance from tip 21 

Tegmma with oblique vittae penelutea n sp (16) 

Tegmma without oblique stripes divisa McA. (17) 

Dorsum dark red rufostigmosa n sp. (18) 

Dorsum with red stripes connected with black var subnubila n var. (19) 
Vertex with two sooty black spots 24 

Vertex without two sooty black spots 26 

Face with two black spots oculata McA. (20) 

Face without two black spots 25 

Spots on vertex separated by diameter of one of them, pygofer with three 
processes and one spine quadricomls n sp (21) 

Spots separated by diameter of two spots, two processes and one spine on 


apacha Bak. 


sp 


pygofer 

Styles with posterior point sickle-shaped 
Styles with posterior point not sickle-shaped 

Oedagus much widened laterally witN* slender projection near tip, 

falcata n 

Oedagus not widened, but with arcuate processes arising at base, 

~ j , harpaxn 

Oedagus without processes arising at base 
Oedagus with processes arising at base 
Posterior point of style broad, almost parallel-sided 
Posterior point shorter, sharp, not parallel-sided 

Darkened on median line, two lateral projections near tip of oedagus, 
M . cotidiana n sp 

Not darkened on median line, no processes on oedagus cuneata n sp 
Posterior point of styles narrower than anterior point 
Posterior point of styles of about same width or wider than anterior 
Oedagus with distinct processes just before tip 
Oedagus without distinct processes before tip 

Processes close to tip of shaft where they turn abruptly out dif&sa n sp 
Processes project out from shaft directly torra Rob. 

Oedagus with quadrate tip quadrata n sp 

Oedagus with tapered tip parvispicata n sp 


( 22 ) 

27 

28 


sp (23) 


(24) 

29 
37 

30 

31 

(25) 

(26) 

32 
35 

33 

34 

(27) 

( 28 ) 

(29) 

(30) 
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35. 


37. 


38. 


39. 

40. 

41. 

42. 

43. 

44. 


45. 


46. 


47. 


48. 

49. 

50. 

51. 


52. 


53. 


54. 


55. 


56 . 

57 . 


58 . 


59 . 


60 . 


Outer margin of anterior and posterior points of styles almost forming a 

straight line coarctata n. sp. (31) 

Outer margins of points distinctly angled 36 

Oedagus divided at tip aenea n. sp. (32) 

Oedagus not divided at tip gleditsia n. sp. (33) 

Anterior point of style about a right angle 38 

Anterior point of style not a right angle 41 

Posterior point of style straight-sided 39 

Posterior point of style curved 40 

Processes short; close to shaft. fulvocephala Rob. (34) 

Processes long; arise below base of shaft penenoeva n. sp. (35) 

Processes short, arising above base of shaft noevus (Gill.) (36) 

Processes long, arising at base of shaft obvia n. sp. (37) 

Anterior point of style as long as or longer than posterior 42 

Anterior point of style shorter than posterior 43 

Anterior point of style twice as long as posterior; processes half as long as 

oedagus rubens n. sp. (38) 

Anterior point equal to posterior point; processes almost equal to length 

of oedagus rubrataeniensis n. sp. (39) 

General ground color reddish brown except for a very large white spot 

occupying disc of tegmina 44 

General ground color whitish 45 

Base of oedagus with large lateral horns bifurca n. sp. (4) 

Base of oedagus without large lateral horns pulchra n. sp. (5) 

Shaft of oedagus shaped like an arrowhead saglttata n. sp. (40) 

Shaft of oedagus almost straight 46 

Shaft of oedagus smaller; processes with broad lanceolate tips 

funesta n. sp. (41) 

Shaft of oedagus heavier; processes curving away from shaft, with teeth 

near their middle plena n. sp. (42) 

Posterior point of style with sides almost parallel 48 

Posterior point of style with sides converging sharply 58 

Oedagus without processes arising at base of shaft 49 

Oedagus with processes arising at base of shaft 55 

Oedagus without lateral projections 50 

Oedagus with lateral projections 51 

With a black dorsal stripe, oedagus very long, curved stolata McA. (43) 

Without a black dorsal strq>e; oedagus short, posterior point very long and 

slender, albescens n. sp. (44) 

Lateral processes sharp-pointed 52 

Lateral processes blunt 54 

Lateral processes at right angles to shaft, one-third distance from tip, 

cruciformis n. sp. (45) 

Lateral processes not at right angles to shaft 53 

Tip of oedagus dorso-ventrally spatulate spatulata n. sp. (46) 

Tip of oedagus not dorso-ventrally spatulate tenuispica n. sp. (47) 

Shaft of oedagus almost parallel-sided; lateral processes very short, 

volucris n. sp. (48) 

Shaft of oedagus tapering; processes larger eluta McA. (49) 

Processes diverging from base of shaft almost at right angles; posterior 

points sickle-shaped hamata n. sp. (50) 

Processes not diverging from base of shafr. 56 

Processes parallel with shaft entire length*.*. infinita n, sp. (51) 

Processes not parallel with shaft entire length: 57 

Processes bending at right angles to shaft near tips angularis n. sp. (52) 

Processes evenly curved out; enlarged leaf-like at tip latapex n. sp. (53) 

Shaft of oedagus without processes at base ; 59 

Shaft of oedagus with processes at base 62 

Shaft of oedagus with blunt lateral teeth just before tip 60 

Shaft of oedagus without teeth 61 

Base of foot of style arcuate posteriorly modica n. sp. (54) 

Base of foot straight scissa n. sp. (55) 
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<51. Tip of oedagus rounded and grooved like a hoof comipes n. sp. (56) 

Tip of oedagus flattened and extended laterally into a cross-bar half as 
king as shaft malleiformis n. sp. (57) 

62. Processes at sides of shaft 63 

Processes ventrad to shaft 65 

63. Processes very short, on lateral margins modica n. sp. (54) 

Processes long; two-thirds length of shaft or longer f4 

64. Processes as long as shaft tridens n. sp. (58) 

Processes two-thirds as long as shaft bicomis n. sp. (59) 

65. Processes not over half length of shaft 6(5 

Processes over half length of shaft 67 

66. Processes close to base of shaft; posterior point more than half as long as 

base obliqua (Say) (60) 

Processes arising below base of oedagus; posterior point about one-third 
length base of foot; heel large magnacalx n. sp. (61) 

67. Long anterior point furcilliata n. sp. (62) 

Almost no anterior point C8 

68 Oedagus with broad tip in side view unicuspidis n. sp. (63) 

Oedagus with very narrow tip in side view penobliqua n. sp. (04) 


1. Erythroneura rubroscuta (Gill.) 

Typhlocyba rubroscuta Gillette. Proc. U. S. Nat. Mus., vol. XX, p. 755; 1898. 

This species has been correctly identified by Robinson and 
others. It is very common in Kansas and may be taken in 
numbers on buckeye in the early spring when this tree leafs 
out. At this time the specimens are often pure white instead 
of having the two red cross bars. 

A male of the Cotype Series has been dissected and desig- 
nated as the allotype. 

Genitalia. (PI. I, Fig. 1.) 

Style with foot rather long and narrow; heel large; base almost 
straight; anterior point sharp, directed laterally; posterior point much 
shorter than anterior, its outer margin in a direct line with outer margin 
of anterior point, inner margin .forming less than a right angle with 
base of foot. These points resemble ff 1 crochet hook. Oedagus curved 
in lateral view with a pair of processes arising near base of shaft and 
extending out for about half the length of shaft. 

Allotype deposited in the U. S. Nat. Mus. 

2. Erythroneura crevecoeuri (Gill.) 

Typhlocyba crevecoeuri Gillette, C. P. Proc. U. S. Nat. Mus., vol. XX, p. 767; 1898. 

Genitalia. (PI. I, Fig. 2.) 

Style with medium foot; heel large; anterior point short and sharp; 
posterior point broad, about half as long as base of foot, almost parallel- 
sided, converging abruptly. Oedagus long, curved in lateral view, 
ending in a widened bifid tip. 

Common on buckeye in Kansas in early spring. 
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3. Erythroneura bifurca n. sp. 

General ground color brown. Vertex tinged with orange; two small 
white spots near margin. Pronotum with a semblance of two orange 
to brown vittas. Scutellum brown or orange. Tegmina with usual 
oblique orange vittae. A light cross-band from tip of scutellum to 
tip of clavus. Venter dark. Femora dusky. 

Genitalia. (PI. I, Fig. 3.) 

Styles with moderate foot; heavy heel; base sinuate; anterior point 
very short and narrow, projecting out; posterior point about half 
length of base of foot, almost as wide as toe. Oedagus with bifurcate 
base, shaft straight with a flattened tip; two processes arise at base of 
shaft, diverge rapidly to sides of shaft and run parallel with it for 
almost its entire length. 

Holotype, male, Cherokee Co., Kans., 192X, R. H. Beamer. 

Allotype, female, Johnson Co., 111., March 30, 1029, R. H. 
Beamer. 

Paratypes, three males, Cherokee Co., Kans.; 2 males and 
1 female, Johnson Co., 111.; 2 males Gallatin Co., 111.; 1 male, 
White Co.; 111., 4 males and 2 females, Lawrence Co., 111., 
R. H. Beamer and P. W. Oman. 

A beautiful, distinct species of much the same appearance 
as E. pulchra n. sp. from Tenn. 

4. Erythroneura pulchra n. sp. 

General ground color reddish brown; a lighter circular cross-band 
extends from tip of scutellum to tip of clavus. Vertex with a white 
circular spot on margin either side middle, a semblance of a lighter 
median line. Pronotum with two longitudinal, oval, darker spots. 
Scutellum with tip brighter red and a median longitudinal whitish 
stripe extending from anterior margin toward tip. Clavi and coria 
with ordinary broad oblique stripes through white cross-band. Extreme 
tip of tegmina darker. Anterior half of face dark orange, remainder 
shading into black. Mesostemtim black. Abdomen dark. 

Genitalia. (PI. I, Fig. 4.) 

Style with medium foot; curved base; prominent heel; smaller toe; 
anterior point narrow and short, about one-third size of posterior; the 
latter heavy, turning out and caudad, both sides curved. Oedagus 
.of medium length, almost straight; ventral side hollowed out at tip; 
some close ventral processes at base. Ventrad of base of shaft a well 
developed swelling. 

Holotype, male, Nashville, Tenn., Dec., 1927; R. H. Beamer. 

Allotype, female and one paratype, same data. 
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5. Erythroneura electa McA. 

Erythroneura obliqua var. electa McAtee. Trans. Am. Ent. Soc. f XLVI, p. 282; 

1920. 

General ground color milky white. Vertex with inverted orange V 
whose outer margin follows edge of eyes; continued across pronotum 
as a pair of diverging or widening vittae. Scutellum mostly reddish; 
white vittae may be present. Tegmina dusky with customary oblique 
orange vittae on clavi and coria; two contiguous, heart-shaped white 
spots on median line between tip of scutellum and tip of clavus, the 
posterior one with orange dash usually formed by continuance of 
claval vittae. Third and fourth apical cells hyaline, venter dark, 
face dusky, suffused with orange. 

Genitalia. (PI. I, Fig. 5.) 

Style with foot small; base almost straight; heel prominent; anterior 
point third width and length of posterior, quite sharp; posterior point 
almost parallel sided, blunt pointed, about third length of foot. Oedagus 
straight, of medium length, tip flattened and widened with two parallel 
processes almost as long as shaft, with flat sword-shaped ends. 

This species is well marked by the two sharply outlined 
heart-shaped white spots on dorsum and the clear third and 
fourth apical cells. Most specimens have definite orange vittae 
on vertex and pronotum, differing in this particular from the 
original description. 

6. Erythroneura fumida (Gill.) 

Typhlocyba obliqua var. fumida Gillette. Proc. U. S. Nat. Mus., vol. XX, p. 758; 

1898. 

Dark colored species. Vertex yellowish white with an orange 
inverted V ; basal part of V narrow, upper arms much enlarged. Pro- 
notum with two small, oval, diverging, orange marks not touching 
either margin. Anterior border yellowish white, remainder dusky. 
Scutellum dark, suffused with red. Tegmina dusky with three oblique 
red vittae and the following heart-shaped white spots: one at base of 
scutellum and one at tip of clavus. Face orange. Mesostemum 
shining black. Abdomen dark. 

Genitalia. (PI. I, Fig. 6.) 

Style with foot large; base slightly sinuate; heel heavy; anterior 
point about a right angle; posterior point about as long as width of 
toe, sides converging. Oedagus, in lateral view, curved, of medium 
length, with a pair of processes arising at base of shaft, diverging 
astride shaft one- third distance before tip. 

Type, female, No. 3445 U. S. N. M. from Onaga, Kansas. 
Allotype, male, Anderson Co., Kans., Nov. 26, 1927, R. H. 
Beamer. 
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7. Erythroneura atrimucronata n. sp. 

General ground color black with a purplish tinge on tegmina. 
Matins of vertex and pronotum yellowish white. The black color 
starts in a point on the vertex and becomes wider until it occupies 
the entire dorsum near anterior end of costal plaque. Face and sternum 
pinkish. Abdomen dark. 

Genitalia. (PI. I, Fig. 7.) 

Style with foot of medium size; heel short; anterior point about 
a right angle; posterior point short, sharp, slightly bent in. Oedagus 
long, in lateral view, curved, thick, with an enlargement on ventral 
side near the middle. In ventral view there is a widening with rough 
edges near middle and tip is split into two outward projecting processes. 

Holotype, male, Johnson Co., 111., March 30, 1929; R. H. 
Beamer. 

Allotype, female, same data. 

Paratypes, 3 males and 4 females, Johnson Co., 111., R. H. 
Beamer and P. W. Oman. 

This is one of the largest species of Erythroneura. It 
resembles in general appearance both E. stolata McA. and E. 
aclys but is larger than either one of them. 

8. Erythroneura kanza Rob. 

Erythroneura kanza Robinson Can. Ent , Vol. LVT, No. 3, p. 58; 1924. 

Genitalia (PI. Fig. 8.) 

Styles with large foot; base sinuate; heel large; anterior point about 
a right angle; posterior point longer than foot, sickle-shaped, forming 
an even curve with base of foot. Oedagus long, slightly curved in 
lateral view, with heavy lateral processes arising just before tip, turning 
out at right angles to it 

9. Erythroneura vaxia McA. 

Erythroneura abolla var. vana McA. • Trans. Am. Ent. Soc., XLVI, p. 287; 1920. 

General ground color semi-hyaline to whitish becoming opaque on 
vertex and anterior margin of pronotum. Vertex dull rose colored with 
irregular shaped yellowish white spot at base and two spots on margin. 
Pronotum with lateral and anterior margins yellowish white, disc 
dusky bordered by posteriorly diverging rose^vittae. Scutellum dusky 
suffused with red. Tegmina with three longitudinal rose colored 
vittas, inner one occupying outer two-thirds of clavus, second beginning 
opposite anterior end of costal plaque on Cu and ending at cross-veins 
and third on costal margin to cross-veins, except costal plaque. Abdo- 
men and mesostemum dark. Apical half of tibiae dark. Face reddish 
with median light vitta. 

Genitalia . (PI. I, Fig. 9.) 
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Style with medium foot; base almost straight; heel small, pro- 
jecting; anterior point about a right angle; posterior point one-third 
length of base of foot, narrow. Oedagus with heavy base, curved 
dorsally; a pair of processes arising at base of shaft, reaching three- 
fourths its length where they separate appearing to straddle it. Resem- 
bles genitalia of -abolla MeA. but differs from that species in shape of 
styles, etc. 

Externally this 'species reseiribles kanza Robinson but the 
genitalia are entirely different. 

Dissection made from Holotype, male, Mt. Vernon, Va., 
Feb, 28-, 1915, W-,- L. McAtee. Deposited in his collection. 

10. Erythroneura brundusa Rob. 

Erythroneura brundusa Robinson. Can. Ent., Vol. EVI, Nq. 7, p. 155; 1924. 

Genitalia. (PI. I, Fig. 10.) 

Style with medium foot; base straight; heel small; anterior point 
about half length of posterior, sharp; posterior point slightly narrower 
at base than anterior, about one-fourth length of foot. Oedagus 
straight with lateral processes arising before base of shaft, diverging 
from it and ending slightly beyond tip. The oedagus with its processes 
looks like a three-pronged fork or trident. 

This species is commonly taken on Gleditsia. 

11. Erythroneura iconica Me A. 

Erythroneura abolla var. iconica McA. Trans. Am. Ent. Soe., XLVI, p. 287; 1920. 

General color fumose often tinged with red. Vertex yellowish 
white with a darker spot near eye at each basal angle, roughly rectangu- 
lar and extending toward apex. Pronotum with light color of lateral 
and anterior margins in shape of a semicircle; disc dark. Scutellum 
darker than rest of dorsum. Tegmina evenly dusky throughout except 
costal plaque which is whitish. Venter of abdomen and mesostemum 
dark. Face reddish with light median Sf*ot and two larger apical light 
circles touching eyes and almost one another, with a darkened dash or 
spot in their centers. 

Genitalia. (PI. I, Fig. 11.) 

Styles with medium foot; base almost straight; heel moderate; 
anterior point about a right angle; posterior point heavy, almost as 
long as base of foot; almost parallel for a portion of their length. 
Oedeagus of medium length, slightly bent dorsally, right angled pro- 
jection with rather broad base, either side three-fourths distance to 
tip. Ends in flattened arrow head slightly wider than shaft. 

This species will be ^onfused externally with E . brundusa 
Rob. which is a Mississippi Valley species, is larger and is 
totally unlike it in male genitalia. The internal male genitalia 
resemble those of E . divisa McA. but the oedagus is shorter* 
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base of processes on shaft are broader and the styles differ in 
shape and the pygofer hook of divisa is flat on outer curve. 
Externally divisa has a median dorsal dark stripe. 

Dissection made of a Paratype, male, Mt. Vernon, Va., 
Feb. 28, 1916. W. L. McAtee. Deposited in his collection. 

12. Erythroneura abolla McA. 

Erythroneura abolla McAtee. Trans. Am. Ent. Soc., XLVI, p. 286; 1920. 

I have seen this species only from East coast states. Speci- 
mens from Kansas, Illinois, etc., resembling it in external 
appearance, show genitalia closer to iconica McA. 

Genitalia. (PI. I, Fig. 12.) 

Style with medium foot; base almost straight; heel medium; 
anterior point short, about a right angle; posterior point broad, almost 
as long as base of foot. Oedagus almost straight to tip where it curves 
sharply dorsad; with a pair of processes arising below base of shaft, 
extending two-thirds its length, enlarged on outer half. 

Dissection made of a Paratype, male, Mt. Vernon, Va. 

13. Erythroneura abolla var. accensa McA. 

Erythroneura abolla var. accensa McAtee. Trans. Am. Ent. Soc., XLVI, p. 288; 

1920. 

A dissection of the Allotype of accensa exhibited genitalia 

identical with those of a paratype of E. abolla McA. It is, 
therefore, correctly placed as a variety of that species. 

Six females and 2 males of this variety were taken from 
white hickory in Arkansas by the writer in August, 1928. 

14. Erythroneura vinaria n. sp. 

General ground color dusky throughout with the following wine 
colored or dusky markings: a pair of rectangular-shaped spots at base 
of vertex; some with a pair of parallel vittas on disc of pronotum not 
reaching either margin; a V-shaped mark on scuttellum; a semblance 
of a vitae near middle of clavi; a vitta following Cu from about opposite 
middle of clavus to cross- veins; and a broader stripe from humeral 
angle to cross-veins excepting costal plaque. Dorsum of abdomen 
fuscous. Mesostemum shining black. Face reddish brown. Beneath 
and about the eyes wine-red. Apex of vertex with three whitish 
spots. Some specimens are wine-red throughout. Beyond cross-veins 
darker. Some specimens have a more or less hyaline area on inner 
margin of clavi and just in front of cross- veins giving somewhat a 
banded appearance. The wine color is especially evident anterior 
to costal plaque. 

Genitalia. (PI. I, Fig. 13.) 
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Styles with medium foot; prominent heel; base sinuate; anterior 
point about a right angle; posterior point short with sides converging. 
Oedagus of medium length, curved dorsally, quite thick from lateral 
view, has a flattened process arising at base of shaft ending in a heart- 
shaped lobe three-fourths distance to tip. Tip flattened dorso-ventrally 
and ending in a laterally widened tip. 

Holotype, male, Anderson Co., Kansas, Nov. 26, 1927; R. H. 
Beamer. 

Allotype, female, same data. 

Paratypes, males 23, females 24, same data. 

This species may be picked out by its general dusky color 
with the wine colored costal stripe. 

15. Erythroneura lawsoniana Bak. 

Typhlocyba obliqua var. dorsalis Gillette. Proc. U. S. Nat. Mus., Vol. XX, p. 757; 

1898. 

Erythroneura lawsoni Baker. Phil. J. Sci., Vol. 27, p. 537; 1925. 

Erythroneura lawsoniana Baker. Phil. J. Sci., vol., 28, p. 347; 1926. 

General ground color pearly white. Vertex with inverted, triangular, 
reddish-orange colored spot, not quite touching eye at base; continued 
across pronotum as a posteriorly widening band occupying most of 
disc, in some specimens this may be fumose near the middle; also all 
of scutellum, all of clavi except small portion at base, and on coria as a 
broad stripe beginning at middle of costal plaque and extending to 
cross-veins. Cell M 4 fuscous. Often the inner margin of clavi may be 
fumose. Immature specimens may be almost entirely fumose. Face 
orange to yellow, mesosternum and abdomen more or less dark. Hind 
tibial spines either dark or light. 

Genitalia. (PI. I, Fig. 14.) 

Styles with medium foot; heel large; anterior point half as long as 
posterior, one-third as wide at base; posterior point more than half as 
long as foot. Oedagus with heavy base, with large lateral processes 
as well as a pair of slender ones extending almost parallel with shaft, 
ending in ventrally recurved hooks; shaft long and slender, almost 
straight; ending in a bifid tip. 

This is one of the Erythroneura which is to be found on 
apple and in some cases does considerable damage. 

16. Erythroneura penelutea n. sp. 

General ground color opaque white. Vertex with yellow inverted 
V whose outer edges touch eyes. This inverted V continued almost 
across pronotum in form of widening red vittae. Remainder of disc 
dusky. Lateral margins and spot on anterior margin light. Scutellum 
dusky with red near tip. Tegmina with two red oblique vittae, first 
occupying outer half of clavus and other Cu from about even with middle 
of clavus to cross-veins. An orange stripe arises at base of eye and 
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extends on costal margin almost to costal plaque. Cross-veins light. 
Spots before cross-veins and apical cells dusky. Venter stramineous 
with some darker spots. 

Genitalia. (PI. I, Pig. 15.) 

Styles with average foot; sinuate base; prominent heel; anterior 
point about a right angle; posterior point almost as long as base of 
foot, sides almost parallel, inner margin forming smooth curve with 
base of foot, pygofer hook of common obliqua type. Oedagus of medium 
length, curved dorsally with a diamond-shaped process on ventral 
side about three-fourths distance to tip. Ends in a flattened and 
widened tip bent at right angles to shaft. 

Holotype, male, Douglas Co., Kans., May 1, 1926. 

Allotype, female, same data. 

Para types from the follpwing localities: Douglas Co., 
Kans., May 1, 1926; 54 males and 20 females. Leavenworth 
Co., Kans., April 8, 1928; 16 males and 2 females. 

The dark coloring between vittas of pronotum and clavi 
and on scutellum give this species the appearance of a light 
colored E. rufostigmosa var. subnubilis Beamer from which it 
may be separated by the inverted V usually broadly touching 
the eye. 


17. Erythroneura divisa McA. 

Erythroneura abolla var. divisa McAtce. Florida Ent., p. 37, Vol. VIII, Nos. 3> 

and 4, December, 1924. 

General ground color sulfur yellow. Vertex with a narrow median 
line reaching two-thirds distance to apex. A very light comma-shaped 
dark line either side of end of mesal line. Pronotum with lateral and 
anterior margins sulfur yellow, disc darkened by the beginning of the 
dark dorsal stripe which covers scutellum, except extreme basal angles, 
and inner half of clavi, ending at apex of tegmina. Venter mostly 
stramineous, some indication of darker spots on abdomen. Dorsum of 
abdomen much darker. 

Genitalia. (PI. I, Fig. 16.) 

Style with medium foot; base slightly curved; heel moderate; 
anterior point about a right angle; posterior point about as long as 
base of foot, almost parallel-sided, slightly arcuate. Pygofer hook 
tends to be flattened on the outer curve. Oedagus with shaft long* 
somewhat curved in lateral view, a pair of slim processes project at 
right angles from its shaft about three-fourths distance from the tip. 
Ends in a flattened arrow-shaped process about as wide as shaft itself. 

This species was named as a variety of £. abolla McA. but 
according to the male genitalia it should be raised to specific 
rank. It is close to iconica McA. from which it may be dis- 
tinguished by having the dorsal stripe limited to the median line* 
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18. Erythroneura rufostigmosa n. sp. 

General ground color semihyaline on tegmina to opaque white 
on pronotum and vertex. Dorsally marked with a red stripe arising 
on apex and growing wider to tips of tegmina. Stripe characterized 
by a series of notches on each side, usually, a pair on the vertex and 
pronotum and two pairs on tegmina one about middle of clavus and 
another at cross-veins. This stripe composed of a large golden-yellow 
triangle with dark center occupying most of vertex from just inside of 
eyes to apex, disc of pronotum which is dark red to brown, clavi and 
posterior portion of tegmina. Clavi dark red turning to brown on 
inner margin. Corium with a broad dark red stripe arising about 
opposite middle of clavus and following Cu to cross-veins. An orange 
stripe beginning behind eyes, changing to a lemon yellow one, follows 
costal margin to cross-veins. Apex of tegmina dusky with fuscous 
spots just before the cross-veins. Venter dark with mesostemum 
darker. 

Genitalia. (PI. I, Fig. 17.) 

Styles with medium foot; base slightly curved; heel prominent; 
anterior point about a right angle; posterior point almost as long as 
base of foot, narrow, sides coverging. Pygofer hook flattened on outer 
curve. Oedagus of medium length, slightly curved in lateral view; 
ending in a flattened and laterally widened lip which turns up at right 
angles to shaft. 

Holotype, male, Scott Co., Ark., Aug. 24, 1928; L. D. 
Beamer. 

Allotype, female, Scott Co., Ark., Aug. 24, 1928; R. H. 
Beamer. 

Paratypes, 27 males and 46 females same data. 

This species will be confused externally with lawsoniana 
Bak. and stolata McA. It may be separated from the former 
by having vertex marked in yellow instead of red and from the 
latter by red dorsal stripe instead of a black one. 

All of the specimens were swept from scrubby willows 
growing along a rocky river bed. They were associated with 
E. rosa Rob. 

19. Erythroneura rufostigmosa var. subnubila n. var. 

General ground color opaque yellowish white; marked with a median 
dorsal stripe arising on apex of vertex and widening to tips of tegmina; 
characterized by a pair of notches on each side, vertex and pronotum, 
more pronounced than in rufostigmosa , and two pairs on tegmina less 
pronounced. A triangulo- orange mark occupying vertex from just 
inside eyes to apex with a median lighter dash surrounded by fuscous. 
In some specimens this triangular area has a red border with fuscous 
center. Disc of pronotum fuscous bordered by red with a semblance 
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of the median white dash, lateral margins yellowish white. Scutellum 
fuscous with trace of median white vitta. Clavus fuscous with tendency 
to red vitta in outer margin. Coria dark, from opposite middle of 
clavus, between Cu and inner margin to cross-veins. Beyond cross- 
veins fuscous. Orange vitta arising at base of eye extends on costa 
to costal plaque. Cross-veins light tinged with orange or red in some 
specimens. Venter of abdomen and mesostemum fuscous. 

Genitalia. Identical with that of rufostigmosa. 

Holotype, male, Douglas Co., Kans., 1927; R. H. Beamer. 

Allotype, female, Douglas Co., Kans., 1928; R. H. Beamer. 

Paratypes from the following localities: Anderson Co., 
Kans., 2 females and 6 males, 1927; Leavenworth Co., Kans., 
18 females and 17 males, 1928; Cherokee Co., Kans., 2 males, 
1927; Douglas Co., Kans., 21 females and 8 males, 1927; R. H. 
Beamer; Lawrence Co., 111., 39 females and 29 males; Johnson 
Co., 111., 3 females and 13 males; Wabash Co., 111., 1 female and 
2 males, R. H. Beamer and P. W. Oman. 

This variety differs from rufostigmosa in having the red 
vitta; bound solidly together by fuscous. Externally they 
appear far more different than other species that have genitalia 
totally unlike. According to their genitalia, however, one is 
just a color variety of the other. 

This variety may be confused with lawsoniana Bak. from 
which it may usually be separated by the black filled orange V 
of the vertex. 


20. Erythroneura oculata McA. 

Erythroneura oculata. 111. Nat. Hist. Survey Bulletin, Vol. XV, Art. 11, p. 40; 

May 9, 1924. 

A series of eight females and five males were taken in the 
type locality on August 3, 1928. A female was compared with 
the Holotype and found to agree in every respect except in red 
coloring. This may be accounted for by the differences in 
collecting dates as the various species of Erythroneura all 
become darker colored and in many cases differently colored 
during the wdnter. 

Genitalia. (PL I, Fig. 18.) 

Styles simple; large heel; almost no toe. Oedagus with heavy 
shaft and large bulbous heart-shaped head. Pygofer hook single, 
sword-shaped, rather irregular in outline. 

Allotype, male. General ground color greenish yellow. Vertex 
with a dusky spot on apex with two velvety black round spots separated 
by almost one of their diameters, just posterior to it. Slight indication 
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of a dusky median vitta. Pronotum with disc darker, slightly fumose 
with a tendency to transverse row of darker spots anteriorly. Scutellum 
with a -velvety black spot in basal angles. Tegmina fumose with 
lighter spots much as in mlnerata Fitch. Costal plaque greenish 
yellow with a darker cloud near middle. A darker spot at each end. 
Cross-veins whitish. Apical cells darker. Venter fumose, mesosteruum 
very dark; face dusky mesally with a velvety black spot, slightly 
smaller than those on vertex, located in front of each eye. Eyes with a 
dark spot in posterior comer. 

21. Erythroneura quadricomis n. sp. 

General ground color greenish yellow. Vertex with two circular, 
velvety black spots separated by a distance about equal to one of their 
diameters. A trace of a smoky median line. Pronotum with disc 
fumose, anterior line of this darkened area in shape of a three which 
is much darker than the rest. Scutellum with a round, velvety black 
dot in each basal angle. Tip slightly darkened in some specimens. 
Tegmina slightly smoky throughout. Veins light. Costal plaque 
yellow. Venter more or less fumose with the mesosteruum much 
darker. A darkened spot in posterior corner of each eye. 

Genitalia. (PI. T, Fig. 19.) 

Styles simple; large heel; almost no toe. Pygofer with three 
processes and an additional large seta which often is broken oil in 
dissection. Oedagus broad in lateral view, ending in a recurving 
forked tip. A pair of diverging processes arise at base of shaft extending 
toward apical ones. 

Holotype, male, Cameron Co., Texas, August 3, 192S; R. H. 
B earner. 

Allotype, female, same data. 

Paratypes, 0 males and 2 females, same data. 

This species may easily be mistaken for apacha Bak. but 
may be separated from that species by the much shorter distance 
between the black spots of the vertex and by the shape of the 
oedagus and its processes and the extra process on the pygofer. 

22. Erythroneura apacha Bak. 

Typhlocyba bipunctata Gillette. Proc. U. S. Nat. Mus., Vol. XX. p. 751; 1898. 
Erythroneura apacha Baker. Phil. J. Sci., Vol. 27, p. 537; 1925. 

Genitalia. (PI. I, Fig. 20.) 

Styles simple; large heel; almost no toe. Pygofer with two processes 
and a large seta. Oedagus long, shaft heavy, ends in a pair of recurved 
processes. Another pair of processes arises at base of shaft extending 
almost to its tip. * 

Dissection made from a light colored male. Victoria, Texas* 
July 29, 1903. 
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This species is close to E. quadricornis Beamer both extern- 
ally and in male genitalia. Black velvety spots on this species 
are usually distinctly farther apart, twice diameter of spots, 
while quadricornis is one diameter. The male of this species 
has but two processes on pygofer; the other has three. 

23. Erythroneura falcata n. sp. 

General ground color semihyaline to yellowish white. Vertex with 
an inverted orange V; enlarged near eyes, scarcely touching them; 
continued on pronotum as two diverging vittae, touching both margins, 
one or none; this color almost red in some specimens. Scutellum 
with tip orange, basal angles yellow. Tegmina with the customary 
three pairs of vitte. Beyond cross-veins dusky. Color of vittae 
coppery. Face orange to coppery; mesostemum dusky. Abdomen 
with dusky marks. Whole venter with a pinkish tinge. Spines of 
hind tibiie dark. 

Genitalia. (PI. I, Fig. 21.) 

Styles with foot of medium length; heel heavy; anterior point 
about a right angle; posterior point in shape of sickle. Oedagus of 
medium length, stout, with a lateral flange which ends in a cross about 
one-third distance from tip, with knobs on the cross-arm. 

Holotype, male, Johnson Co., 111., March 30, 1929; R. H. 
Beamer. 

Allotype, female, same data. 

Paratypes, 3 males and 8 females, Johnson Co., 111.; R. H. 
Beamer and P. W. Oman. 

24. Erythroneura harpax n. sp. 

General ground color semihyaline to whitish, light parts of tegmen 
pruinose. Vertex with red inverted V widened to follow eye from 
base of vertex to margin. Pronotum with disc darker and oval red 
spots either side mediam line not touching either margin. Tip and 
basal angles of scutellum red. Tegmina with usual vittae, coppery 
colored, margins indefinite; dark abdomen showing through to give a 
darkened effect in claval area; dusky from tip of clavi outward. Some 
specimens appear slightly dusky all over. Face orange red, mesoster- 
num dark; venter of abdomen dark, tinged with red. 

Genitalia. (PI. I, Fig. 22.) 

Style with foot heavy; base sinuate near toe; heel very large, pro- 
truding posteriorly; anterior point very small, a mere angle; posterior 
point very long and narrow, sickle-shaped. Oedagus of medium 
length, bent dorsally near tip, with a pair of processes strongly arched 
ventrally, ending near outer portion of bend in oedagus; in ventral 
view these processes separate at base abruptly, then follow shaft to 
again diverge astride the shaft at their tip. Oedagus ends in a laterally 
flattened wedge-shaped tip. 
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Holotype, male, Nashville, Term., Dec., 1927; R. H. Beamer. 

Allotype, female, same data. 

Paratypes, two males and one female same data; 2 males, 
Washington, D. C., W. L. McAtee. 

This species looks like E. kanza. Rob. and E. varia. McA. 
but is different from either in some particulars of the male 
genitalia. From varia it differs in styles, although resembling 
it in oedagus. From kanza it differs in oedagus, although 
resembling it in styles. 

25. Erytbroneura cotidiana n. sp. 

General ground color semihyaline to opaque yellowish white. Vertex 
with reddish-orange inverted V; arms of V enlarged basally; continued 
across pronotum as diverging vittae. Scutellum reddish orange. Coria 
with usual three pairs of oblique stripes of same color. Between 
arms of V on vertex brownish, continuing between diverging vittae of 
pronotum, gradually growing darker across pronotum which with the 
dark abdomen, showing through semihyaline tegmina, gives the insect 
quite a darkened appearance. Dusky spots before cross-veins. From 
cross-veins to tip fumose. Face orange. Mesostemum black. Venter 
of abdomen partially darkened. 

Genitalia. (PI. II, Fig. 23.) 

Male style with medium foot; base* curved; heel large; anterior 
point about a right angle, projecting outward; posterior point extending 
at right angle to foot, long, (almost length of foot), almost parallel- 
sided. Oedagus of medium length; straight, with a short, sharp, 
laterally turning spine near tip 

Holotype, male, Tuskahoma, Okla., May 23, 1928; R. H. 
Beamer. 

Allotype, same data. 

Paratypes, five males and two females; Plummers Island, 
Maryland, January 13, 1929; W. L. McAtee. 

26. Eiythroneura cuneata n. sp. 

General ground color semihyaline to opaque white, tinged with 
greenish yellow. Markings lemon yellow in summer specimens, orange 
in hibernation. Vertex with the usual inverted V very faint in summer 
specimens, well marked in overwintering ones. Usual vittae of pronotum 
faintly marked, disc darker. Scutellum darker yellow, almost orange. 
Tegmina glistening, oblique stripes faint, in usual place. Beyond cross- 
veins more or less dusky. Dorsum of abdomen dark. Venter mostly 
light but with some dark iri&rkings. 

Genitalia. (PI. II, Fig. 24.) 

Styles with foot of moderate length; heel with small projecting 1 
angle. Anterior point short, projecting out and anteriorly; posterior . 
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point about six times as long and almost parallel-sided; oedagus short, 
rather stout, curved, no processes at base, ending in a laterally flattened 
wedge-shaped tip. 

Holotype, male, Le Flore Co., Oklahoma, May 21, 1928; 
R. H. Beamer. 

Allotype, female, same data. 

Paratypes, 3 males and 8 females, same data. 

27. Erythroneura diffisa n. sp. 

General ground color yellowish white to semi-hyaline on tegmina. 
Vertex with orange inverted V. Sides of V enlarged near the eyes 
but not touching them. Pronotum with two orange vittae of varying 
width, usually reaching both margins and diverging from front to 
back. Scutellum mostly orange with median club-shaped white area. 
Tegmina with three pairs of oblique vittae. The orange pair on clavi 
broad; two pairs on coria either lemon yellow or orange. Between 
corial stripes sem'hyaline. Beyond cross-veins slightly dusky. Abdo- 
men with some dark markings. Mesosternum practically without 
dark color. 

Genitalia. (PI. II, Fig. 25.) 

Style with foot long; heel marked; base almost straight; anterior 
point one-half length of posterior and of about same width at base; 
posterior point forming more than a right angle at base. Oedagus 
with straight, heavy shaft, ending in a flattened tip, with two lateral 
processes arising just before tip and bending out at right angles, almost 
flush with tip. 

Holotype, male, Douglas Co., Kans., 1927; R. H. Beamer. 

Allotype, female, Douglas Co., Kans., 1928, R. H. Beamer. 

Paratypes, 24 males, Douglas Co., Kans., R. H. Beamer; 
1 male, Riley Co., Kans., R. H. Beamer; 1 female, Anderson 
Co., Kans., R. H. Beamer; 3 males, Douglas Co., Kans., P. B. 
Lawson; 2 males, Cherokee Co., Kans., R. H. Beamer; 2 males, 
Nashville, Tenn.. R. H. Beamer; 7 males, from Gleditsia, Le 
Flore Co., Okla., R. H. Beamer; 21 females, from Gleditsia. 
Le Flore Co., Okla., R. H. Beamer; 10 females, same host, 
Douglas Co., Kans., R. H. Beamer; 1 male, Anderson Co., 
Kans. P. W. Oman. 

This species has been colected on Black Locust in both 
Kansas and Oklahoma in both yellow and orange-striped forms. 
It very often has one orange stripe and 2 lemon yellow ones. 
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28. Erythroneura torra Rob. 

Erythroneura torra. Can. Ent., Vol. LVI, No. 7, p 155; 1924. 

The character that was supposed to be diagnostic of this 
species (one orange stripe and one or two yellow) is quite variable. 
The genitalia are much better. 

Genitalia. (PI. II, Fig. 26.) 

Male. Style with -medium foot; heel prominent; base of foot 
straight; anterior point slightly less than a right angle, short; posterior 
print narrow, sharp, as long as width of foot at toe, inner margin 
forming a right angle with base of foot. Oedagus long, straight, slightly 
enlarged toward tip with lateral processes just before tip, these may be 
quite broad and blunt or very thin and spine-like. Some variation is 
apparently present here. Even so the genital characters are far more 
reliable than external ones. 

29. Erythroneura quadrata n. sp. 

General ground color white. Vertex with orange inverted V ; arms 
of V enlarged at tip, not or barely touching eyes; continued almost 
across pronotum with inner margins nearly parallel, and outer diverging 
posteriorly. Scutellum orange to yellow except median white bar 
which extends almost to tip. Tegmina with two parallel vittze of 
about equal width. Some dusky spots just before cross-veins, beyond 
dusky. Abdomen more or less dusky. Mesosternum black. 

Genitalia. (PI. II, Fig. 27.) 

Styles with medium foot, short heel; anterior point short and blunt 
with different angle from posterior. Posterior point at right angles 
to foot, of medium length, slender, sides converging. Oedagus heavy, 
moderately long, flattened from dorsal view, slightly widened just 
before tip, ending in a smaller almost square-sided tip. 

Holotype, male, Douglas Co., Kansas, 1927; R. H. Beamer. 

Allotype, female, Douglas Co., Kansas, 1928; R. H. Beamer. 

Paratypes, 13 males, Douglas Co., Kansas; 3 males, Le 
Flore Co., Oklahoma; (> females, Douglas Co., Kansas; 2 
females, Le Flore Co., Oklahoma; 1 male, Shawneetown, Illinois; 
R. H. Beamer. 

This species was collected on locust in Oklahoma. 

30. Erythroneura parvispicata n. sp. 

General ground color semihyaline to white. Vertex with narrow 
orange inverted V touching eye at base; continuing across pronotum 
as two diverging stripes. Scutellum more or less orange. Tegmina 
with usual orange oblique vitta, definite in outline, ending at cross- 
veins. Three more or l&ss dusky spots before cross-veins; slightly 
dusky beyond. Abdomen more or less darkened also mesosternum. 
Spines on hind tibiae dark. 

Genitalia. (PI. II, Fig. 28.) 
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Style with medium foot; heel prominent in comparison to toe. 
Foot narrowed to toe with short anterior point projecting laterally 
only. Posterior point very narrow and short, projecting latero-poster- 
iorly, Oedagus long, curved dorsally, no projections, ending in a 
much narrowed tip. 

Holotype, male, Polk Co., Arkansas, February 21, 1928; 
R. H. Beamer. 

Allotype, female, Le Flore Co., Oklahoma, May 21, 1928; 
R. H. Beamer. 

Paratypes, seven males and eight females, same localities. 

31. Erythroneura coarctata n. sp. 

General ground color yellowish white. Vertex with an orange 
inverted V; arms greatly widened touching eyes slightly or not at all; 
continued on pronotum as two almost parallel vittae which usually do 
not touch either margin. Scutellum uniformly yellow or orange. 
Tegmina with three pairs of vittae Large dusky areas before cross- 
veins and dusky beyond them. Face lemon yellow to orange. Meso- 
stemum dark. Abdomen more or less dark. The dark of the abdomen 
shows through the tegmina in such a manner as to give the dorsal 
view of the insect a rather two-spotted appearance without magnifica- 
tion. 

Genitalia. (PI. II, Fig. 29 ) 

Styles with narrow foot of medium length; prominent heel; anterior 
point long, narrow, at an acute angle to foot; posterior point shorter 
and broader, in same line as anterior point, their outer faces forming 
almost a straight line. Oedagus from lateral view short, curved, with 
tip compressed and wedge-shaped and a pair of sharp, short, processes 
or spines arising on the sides just before opening 

Holotype, male, Cherokee Co., Kansas, 1927; R. H. Beamer. 

Allotype, female, same data. 

Paratypes, 9 males and o females, Cherokee Co., Kansas; 
R. H. Beamer. 

32 Erythroneura aenea n sp. 

General ground color yellowish white. Coloring of over-wintering 
forms coppery, of summer forms lemon yellow. Vertex with inverted V 
with sides enlarged at tip but not or barely touching eyes. Pronotum 
with two broad vittae slightly diverging and usually not touching 
either margin. Pcutellum with orange tip, yellow basal angles and 
a median longitudinal white bar reaching anterior margin. Tegmina 
with oblique coppery or lemon-yellow vittae with indefinite margins. 
One pair occupying most of clavi. Sometimes with dusky blotches 
before cross-veins and more or less dusky beyond. Winter forms 
more or less pruinose over all. Summer forms with a greenish-yellow 
appearance. Abdomen with more or less dark markings. Meso- 
stemum almost light to very dark. 
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Genitalia. (PI. II, Fig. 30.) 

Style with medium foot; base straight; small heel; anterior point 
narrower than posterior, about half as long as base of foot; posterior 
point same length, wider at base. Oedagus large, straight and broad 
from dorsal view, tip tapering to a bifid end the parts of which bend 
out at right angles. 

Holotype, male, Douglas Co., Kansas, 1927; R. H. Beamer. 

Allotype, female, Douglas Co., Kansas, 1928, black locust; 
R. H. Beamer. 

Paratypes, 1 male, Cherokee Co., Kansas; 1 male, Nashville, 
Tenn.; 3 males and 1 female, Le Flore Co., Oklahoma; 6 males 
and 2 females, Douglas Co., Kansas; R. H. Beamer. 

This species was collected frequently from Gleditsia. 

33. Erythroneura gleditsia n. sp. 

General ground color semihyaline to yellowish white. Vertex with 
yellow inverted V; widened at base of arm to almost touch eyes; con- 
tinued across pronotum as two slightly diverging yellow vittac; basal 
angles, lateral margins and tip of scutellum yellow; tegmina with usual 
three pairs of lemon-yellow (summer specimens) oblique stripes, other- 
wise almost hyaline; dorsum of abdomen black; venter of abdomen 
more or less black and mesostemum fuscous. 

Genitalia. (PI. II, Fig. 31.) 

Styles with foot long and narrow; heel well marked; anterior point 
wide at base, about half as long as posterior point, projecting out and 
slightly anteriorly; posterior point broad, its inner side forming an 
even curve with base of foot, its outer an obtuse angle with anterior 
point. Oedagus long, almost straight with apical fifth bent dorsally 

Holotype, male, Le Flore Co., Oklahoma, May 24, 1928; 
R. H. Beamer. 

Allotype and one Paratype, same data. Taken on -honey 
locust. 


34. Erythroneura fulvocephala Rob. 

Erythroneura fulvocephala. Can. Ent., Vol. LVI, No. 7, p. 155; 1924. 

Genitalia. (PI. II, Fig. 32.) 

Styles with medium foot; heel medium, about as in obliqua (Say); 
anterior point about a right angle; posterior point narrow, about two- 
thirds length of base of foot, sides converging, shorter than in obliqua. 
Oedagus curved dorsally in lateral view, with a pair of processes arising 
above base of shaft and extending about half its length. 

This species may he separated from obliqua by its dark 
venter, by the curved oedagus in lateral view, by the processes 
arising away from base of oedagus and by the posterior point 
of style being shorter. 
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35. Erythroneura penenoeva n. sp. 

General ground color semihyaline to opaque white. An irregular- 
sided yellow inverted V on vertex. Two posteriorly diverging yellow 
vitta? on pronotum. Scutellum usually fuscous, in some specimens 
basal angles with black spots, remainder brown. The usual three 
yellow or orange vittae on tegmina, following Cu from about opposite 
middle of clavus to cross-veins. Three dusky spots before cross-veins. 
Apical cells dusky. Venter of abdomen dark. Mesosternum and 
dorsum of abdomen darker. Face golden yellow. 

Genitalia. (PI. II, Fig. 33.) 

Styles with short foot; moderate heel; anterior point about a right 
angle; posterior point about as long as foot, sides converging. Oedagus 
of medium length, curved dorsally with a pair of apically thickened 
processes arising slightly above base of shaft, paralleling it, and diverg- 
ing astride the shaft at their tip. 

Holotype, male, Douglas Co., Kansas, June, 1926; R. H. 
Beamer. 

Allotype, female, same data. 

Paratypes, 20 males and 0 females, Douglas Co., Kans. ; 
3 males and 0 females, Anderson Co., Kans., 1927; 20 males 
and 10 females, Leavenworth Co., Kans., 1928; R. H. Beamer. 

This species will be confused with E. noevus (Gill.). It 
may be separated from it by having a dark colored abdomen, 
a darker mesosternum and by the male genitalia. 

36. Erythroneura noevus (Gill ) 

Typhlocvba obhqua var noevus Gillette. Proc. U. S. Nat. Mus., Vol. XX, p. 7*57; 

1898. 

General ground color pearly white. Vertex with bright red inverted 
V touching eyes at margin. V continued across pronotum as two 
diverging red vitta*. Posterior part between these vitta? dusky, re- 
mainder of pronotum pearly white. Scutellum dusky, the posterior 
angles usually darker. Tegmina marked with oblique red vitta? ; claval 
vittoc widest, beginning at humeral angle, and following claval suture 
to tip. A pair of corial vitta? arise opposite anterior end of costal 
plaque and follow Cu to cross-veins. Costal margin from humeral 
angle to costal plaque with a narrow red vitta. Beyond cross-veins 
often slightly dusky. Abdomen pearly white, face orange. Meso- 
sternum either almost entirely fuscous or with at least a fuscous spot 
on either side. 

Genitalia . (PI. II, Fig. 34.) 

Style with medium foot; heel moderate, with slight hook to point; 
base almost straight; anterior point almost a right angle; posterior point 
almost as long as foot, rather broad, almost parallel-sided. Oedagus 
with short slightly curved shaft, a pair of processes arising above base 
of shaft and diverging at a wide angle. In lateral view a wide space 
is visible between base of oedagus and base of processes. 
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37. Erythroneura obvia n. sp. 

General ground color semihyaline to opaque white. Vertex with 
inverted orange V with an outward projecting tooth near eye. Prono- 
tum crossed with two diverging orange stripes. Scutellum with tip 
and basal angles orange. Tegmina with usual orange oblique stripes, 
usually more or less dusky spots before cross-veins. Beyond cross- 
veins more or less dusky. Mesostemum dark, also more or less of 
abdomen. 

Genitalia. (PI. II, Fig. 35.) 

Style with medium foot; large projecting heel; anterior point about 
a right angle; posterior point long and narrow; sides almost parallel. 
Base of foot and inner margin of posterior point forming almost a 
semicircle. Oedagus of medium size, rather stout at base with 2 
processes arising at base and curving out near tip; ending in a laterally 
flattened dorsally curving tip. 

In Kansas specimens, the base of foot is nearer straight and 
the posterior point is wider. 

Holotype, male, Polk Co., Arkansas, August 21, 1928; R. H. 
Beamer. 

Allotype, female, same data. 

Paratypes, 8 males, Cherokee Co., Kansas, August 31, 1929, 
R. H. Beamer; 3 males, Scott Co., Arkansas, August 21, 1929, 
L. D. Beamer; 2 males, Le Flore Co., Oklahoma, May 21, 1928, 
R. H. Beamer; 5 males, Nashville, Tenn., December, 1927, 
R. H. Beamer; 1 male, Anderson Co., Kansas, P. W. Oman. 

38. Erythroneura rubens n. sp. 

General ground color semihyalino to opaque whitish. Vertex with 
bright red, inverted V; arms widened near eyes, continued across 
pronotum as bright red diverging stripes. Tip of scutellum and 
margins of basal angles at least, bright red, sometimes a dark spot in 
either basal angle. Tegmina glistening, with typical oblique bright 
red stripes on clavus, Cu and costa. Costal plaque almost yellow. 
Slightly before and beyond cross- veins dusky. Dorsum of abdomen 
dark. Face with anterior red margin, remainder brownish yellow, 
mesosternum same color. Venter of abdomen black. Lateral margins 
of thorax bright red. 

Genitalia. (PI. II, Fig. 30.) 

Style with narrow, rather small foot; base straight; heel smail, 
distinct; anterior point long and narrow, projecting out and anteriyly; 
posterior point basally about same width, half as long and projecting 
inward almost in a line with anterior point. Oedagus of medium 
length, curved in lateral view with a pair of processes arising at base of 
shaft and reaching slightly over half its length. 

Holotype, male, Gallatin Co., 111., March 31, 1929; R. H. 
Beamer. 
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Allotype, female, Wabash Co., 111., March 31, 1929; P. W. 
Oman. 

Paratypes, 2 males, White Co.; 111., 4 males, Lawrence Co., 
111.; 5 females, Lawrence Co., 111.; 3 females, Wabash Co., 
111.; 4 females, White Co., 111.; collected by R. H. Beamer and 
P. W. Oman. 

In the color of the markings this species resembles E. 
noevus var. parma McA. but is easily separated from it by its 
dark abdomen. 

39. Erythroneura rubrataeniensis n. sp. 

General ground color milky white. Vertex and pronotum with 
even-sided, inverted, orange V ; outer edges of V touch eyes; continued 
across pronotum as even-sided slightly diverging orange stripes and 
sometimes continued over margin of vertex connecting with face. 
Scutellum orange with an elongated basal white spot and two golden 
yellow spots in each basal angle Tegmina with three oblique orange 
vitUe. Claval stripe broadest, occupying almost entire clavus. Costal 
plaque lemon yellow. Cross-veins often red; beyond more or less dusky. 
Face orange. Abdomen and mesostemum dusky. 

Genitalia. (PI. II, Fig. 37.) 

Styles with foot short; base straight; heel medium; anterior point 
sharp, about one-half as thick and about as long as posterior point. 
Oedagus with straight heavy shaft, a pair of processes arising at base 
taper rapidly, ending in slender, sharply diverging points near end of 
oedagus. 

Holotype, male, Douglas Co., Kansas; R. H. Beamer. 

Allotype, female, same data. 

Paiatypes, 14 males, Cherokee Co., Kans.; 22 males, Douglas 
Co., Kans.; 7 males, Anderson Co., Kans., R. H. Beamer; 
30 males, Johnson Co., 111., R. H. Beamer and P. W. Oman; 
2 males, Wabash Co., 111., P. W. Oman; 19 females same 
localities and collectors. 

The prominent even-sided, inverted V crossing vertex and 
pronotum usually makes this species evident. 

40. Erythroneura sagittata n. sp. 

General ground color semihyaline to opaque white. Vertex with 
bright, even-sided, inverted orange V with or without a slight bulge 
on outside near eye; extending across pronotum as two posteriorly 
widening vittae. Scutellum mostly orange. Tegmina with usual oblique 
stripes. Cells before and after cross-veins dusky forming an indefinite 
dark cross band. Dorsum of abdomen black showing through tegmina 
as a dark cross band; thus to the unaided eye this species appears to 
have two dark cross bands separated by a lighter one. Face reddish 
brown, darker posteriorly. Venter dark. 
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Genitalia . (PI. II, Fig. 38.) 

Styles with foot rather short; base curved to meet posterior point; 
heel pronounced; anterior point long, narrow, projecting out in a direct 
line with base of foot; posterior point, at base, about four times as 
wide as anterior point and somewhat longer. Oedagus of medium 
length, widened near base into an arrow-shaped process, almost as 
wide as oedagus is long, with saw teeth on antero-lateral margins. 
Two processes arise at base of shaft on ventral side and extend to tip 
where they are widened slightly and have irregular teeth. Oedagus 
narrows suddenly at tip and ends in a very short cross-bar. 

Holotype, male, Gallatin Co., 111., March 31, 1929; R. H. 
Beamer. 

Allotype, same data. 

Paratypes, 33 males, Gallatin Co., 111., R. H. Beamer and 
P. W. Oman; 3 males, Johnson Co., 111., R. H. Beamer; 49 
females, same data. 

This species can usually be separated from E. Junes la by the 
cross-banded appearance of the tegmina and from all others by 
the male genitalia. 

41. • Erythroneura funesta n. sp. 

General ground color semihyaline on tegmina to opaque white on 
head. Vertex with inverted even sided, orange V; continued across 
pronotum as two vittae whose inner margins are parallel and whose 
outer ones diverge. Scutellum orange except an antero-median 
rectangular white spot. Tegmina with customary oblique stripes, 
claval stripes broad almost covering clavi, corial stripes also broad 
giving the whole insect a red appearance. From just before cross- 
veins to tip dusky. Venter dark. 

Genitalia. (PI. II, Fig. 39.) 

Styles with medium foot; medium heel; curved base; narrow laterally 
projecting anterior point and heavy (5 to 6 times as broad as anterior) 
posterior point. Oedagus of medium length, almost straight, slightly 
narrowed at tip, and ending in a short flattened cross-bar. Two 
processes arise ventrally at base of shaft, extend almost length of shaft 
and end in lanceolate tips. 

Holotype, male, Gallatin Co., 111.; R. H. Beamer. 

Allotype, female, same data. 

Paratypes, 6 males, Gallatin Co., 111., R. H. Beamer and 
P. W. Oman; numerous females same data. 

This species occur^with E. sagittata. Usually it may be 
separated from that species by the banded appearance of the 
former and always by the queer arrow-shaped oedagus of the 
latter. 
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42. Erythroneura plena n. sp. 

General ground color semihyaline to opaque yellowish white. Vertex 
with orange inverted V, even sided, enlarged near eyes and extending 
across pronotum as two enlarging diverging even-sided stripes. This 
species is characterized by its even-sided markings of vertex and pro- 
notum. Seutellum with extreme tip and basal angles orange. Tegmina 
with the usual 3 pairs of oblique vittsc orange. Fuscous spots before 
cross-veins. Beyond hyaline to slightly fumose. Face orange, meso- 
stemum and venter black. 

Genitalia. (Pl. II, Fig. 40.) 

Style with foot heavy basally; base straight; heel not large but 
projecting sharply inward; anterior point sharp, about one-third as 
long as posterior, extending mostly anteriorly, a slight outward trend; 
posterior point twice as broad, inner margin at right angles with base 
of foot, sides tapered to sharp point, about twice as long as width 
at base. Oedagus heavy; of medium length; almost straight in lateral 
view: dorsal side sinuate near middle and evenly rounded to tip, as 
large or larger just before tip as at base. Two processes arise just 
below base of shaft curving downward near their middle and back to 
tip of shaft. Slightly swollen and toothed near their middle. 

Holotype, male, Cherokee Co., Kans., August 21, 1927; 
R. H. Beamer. 

Allotype, female, same data. 

Paratypcs, 4 males and 1 female, Cherokee Co., Kans.; 
3 males and (j females, Lawrence Co., 111., R. II. Beamer. 

This species resembles rubrutaeniensis in external appearance 
but it may be distinguished by smaller size, clearer tegminal 
tips and by the genital characters. 

43. Erythroneura stolata McAtee. 

Erythroneura obliqua var. stolata McAtee. Trans. Am. Ent. Soc., Vol. XLVI, 

p. 279; 1920. 

General ground color yellowish white. Dorsum marked by a median 
longitudinal fuscous stripe which begins on apex of vertex and grows 
progressively wider as it proceeds posteriorly. On tegmina this occurs 
in three steps, one near middle of clavus, second on corium about even 
with anterior end of costal plaque and the third at the cross-veins 
where it widens including all of tegmina to Mi + 2 . . Costa orange from 
humeral angle to costal plaque. Body creamy white. Face tinged 
with orange. 

Genitalia. (PL II, Fig. 41.) 

Styles with medium foot; heel large; anterior point almost as long 
as base of foot; curved; almost parallel sided. Oedagus very long, 
curved upward into a huge arc, shaft tapering from base to tip. 

Allotype, male, Douglas Co., Kansas, January 1, 1926; 
R. H. Beamer. 
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The type series of this species does not contain a male so 
the above mentioned specimen is designated as the Allotype. 
A male of this species determined by McAtee from Iowa and 
an immature male from Glen Echo, Md., from his collection 
were dissected and found to agree with the Kansas specimen in 
every respect. 

This species externally may be confused with E. rufostigmosa 
var. subnubila from which it can be separated by the fact that 
the latter has red oblique stripes on dorsum filled in with 
fuscous, while stolata is entirely black. 

44. Erythroneura albescens n. sp. 

General ground color semihyaline to opaque white. Vertex with 
an orange inverted V, enlarged near posterior margin and just barely 
touching eye, continued entirely across pronotum as diverging vitta?. 
Tip of scutellum orange, basal angles yellow. Tegmina with three 
pairs of oblique stripes. vSome specimens with dusky spots before 
cross-veins. Beyond cross-veins slightly dusky. Face with an orange 
band just below vertex, remainder yellowish, body stramineous. Pos- 
terior tibiae with row of black spines. 

Genitalia. (PI. II, Fig. 42.) 

Styles with medium foot; medium heel; anterior point about a right 
angle; a very long slender, slightly tapering posterior point curving 
out near its middle. Ocdagus, in lateral view, of medium length; 
curved so much that with its base it forms a large U. 

Holotypc, male, Cherokee Co., Kansas, 1928; R. H. Beamer. 

Allotype, female, Johnson Co., 111., March 30, 1929; R. H. 
Beamer. 

Paratypes, 10 males, Johnson Co., 111., March 30, 1929, 
R. H. Beamer; 7 males, Cherokee Co., Kans., August 31, 1927, 
R. H. Beamer; Le Flore Co., Oklahoma, 1 male, May 24, 1928, 
R. H. Beamer; 1 male, Wabash Co., 111., March 30, 1929; 
2 females, Johnson Co., 111., March 30, 1929, R. H. Beamer. 

45. Erythroneura cruciformis n. sp. 

General ground color milky white. Vertex with large inverted 
orange V, broadly touching eyes, may be connected at apex with color 
on face; continued on pronotum as a pair of sharply diverging vittas 
which do not reach posterior margin. Tip of scutellum orange, basal 
angles yellow. Tegmina with three pairs of vittae. Beyond cross- 
veins slightly dusky. Facfe and bar behind eyes orange. Remainder 
of body stramineous. 

Genitalia . (PI. II, Fig. 43.) 
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Styles with medium foot; medium heel; anterior point about a 
right angle; posterior point long and broad, oedagus from ventral view 
short and heavy, with a large diamond-shaped cross-bar slightly beyond 
middle. Outer tips of diamond narrow and bent dorsally in an even 
curve. 

Holotype, male, Douglas Co., Kansas, 1927; R. H. Beamer. 
Paratypes, 13 males, Douglas Co., Kansas, 1927, R. H. 
Beamer; 6 males, Anderson Co., Kansas, 1927, R. H. Beamer; 
3 males, Cherokee Co., Kansas, 1927, R. H. Beamer; 1 male, 
Polk Co., Arkansas, 192S, R. H. Beamer; 2 males, Anderson 
Co., Kansas, P. W. Oman; 1 male, Johnson Co., Illinois, R. H. 
Beamer. 


46. Erythroneura spatulata n. sp. 

General ground color pearly white. Vertex with bright orange, 
inverted V, arms enlarged but scarcely touching eyes; continued across 
pronotum as slightly enlarging, slightly diverging vittac. Tip of 
scutellum and margins of basal angles orange, remainder of basal 
angles yellow. Coria with usual three pairs of oblique, orange stripes. 
Three dusky spots before cross-veins, fumose beyond. One row and 
sometimes a few in second row of black spines on hind tibia:. Face 
orange, sternum yellow, venter of abdomen stramineous tinged, with 
orange on margins of scierites. 

Genitalia. (PI. II, Fig. 44.) 

Styles with medium foot; base sinuate; heel large; anterior point 
small, about a right angle; posterior point about as long as foot, sides 
almost parallel, narrow, slightly sinuate laterally. Oedagus long, 
slightly curved dorsally, ending in a dorso-ventrally flattened spatulate 
tip, wider than shaft. A pair of processes arising and ending just 
before tip in lateral out-curvings. 

Holotype, male, Johnson Co., 111., March 30, 1929; R. H. 
Beamer. 

Allotype, female, Johnson Co., 111., March 30, 1929; P. W. 
Oman. 

Paratype, male, Johnson Co., 111., March 30, 1929; R. H. 
Beamer. 


47. Erythroneura tenuispica n. sp. 

General ground color ivory white. Vertex with,inverted orange V ; 
tips of V widened scarcely touching eyes, continuing almost across 
pronotum as two, rather narrow, slightly diverging orange stripes. 
Scutellum with tip orange, basal angles yellow. Tegmina with usual 
3 pairs oblique orange stripes, rather narrow and well marked, beyond 
cross-veins more or less fumose, at least nearly opaque. Venter stra- 
mineous, face yellow or pinkish. 

Genitalia. (PI. II, Fig. 45.) 
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Style with medium foot and heel; base almost straight; anterior 
point about a right angle; posterior point almost as long as foot, sinuate 
on inner margin, sides nearly parallel, ending in a rounded tip. Oedagus 
rather long, heavy at base, curved; a sharp lateral spine either side just 
before tip. 

Holotype, male, Douglas Co., Kansas, 1927; R. H. Beamer. 

Paratypes, 7 males, Douglas Co., Kansas, 1927; R. H. 
Beamer. 


48. Erythroneura volucris n. sp. 

General ground color semihyaline to white, tinged anteriorly with 
yellow. Vertex with narrow, inverted, orange V, arms of V enlarged 
near eyes but scarcely touching them, continued across pronotum as 
two parallel-sided, diverging, orange vittse. Scutellum with basal 
angles yellow, tip orange. Coria with usual three oblique vittse, 
rather narrow but definite. Three dusky spots before cross-veins. 
Slightly fumose beyond. Face orange, sternum yellow, venter of 
abdomen stramineous. One row of spines on hind tibia brown. 

Genitalia. (PI. II, Fig. 46.) 

Style with short, heavy foot; base straight; heel moderate; anterior 
point just a right angle; posterior point long (almost as long as base 
of foot), sharp pointed. Oedagus moderately long, dorso-ventrally 
flattened at tip ending in a narrow short cross bar, usually a bump on 
either side of shaft about three-fourths distance to tip. Pygofer hooks 
shape of a bird’s head, very flat, sometimes with sinuate apex. 

Holotype, male, Anderson Co., Kans., November 29, 1927; 
R. H. Beamer. 

Paratypes, 14 males, Cherokee Co., Kans., 1928, R. H. 
Beamer; 1 male, Bowie Co., Texas, R. H. Beamer, 1928; 
Polk Co.. Arkansas, 1 male, 1928, R. H. Beamer; Le Flore Co., 
Oklahoma, 3 males, R. H. Beamer; 1 male, Wabash Co., 111., 
1929, R. H. Beamer; 5 males, Johnson Co., 111., R. H. Beamer, 
1929. 


49. Erythroneura eluta McA. 

Erythroneura obliqua var. eluta McAtee. Trans. Am. Ent. Soc., Vol. XLVI, p. 277; 
1920. 

This specimen was immature, therefore practically hyaline 
but had it been fully developed it would no doubt have been 
light colored with lemon-yellow or orange vittae on tegmina. 

Genitalia. (PI. Ill, Fig. 47.) 

Style with short foot; medium heel; anterior point a right angle; 
posterior point broad and long. Oedagus medium length with a 
diamond -shaped process on ventral side just short of apex, ends in a. 
narrowed dorsally bent lip. In lateral view shaft is slightly curved. 
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Allotype, male, Johnson Co., 111., March 30, 1929; R. H. 
Beamer. 

This male from Johnson Co., 111., had the same genital 
characters as the immature Paratype dissected. 

50. Erythroneufa hamata n. sp. 

General ground color semihyaline to white. Vertex with an orange 
inverted V ; arms of V enlarged and touching eyes usually quite broadly; 
continued across pronotum as two slightly diverging vittae. Scutellum 
with orange spot at tip, basal angles yellow. Tegmina with three 
pairs of vittae. Costal plaque lemon yellow. Dusky spots before 
cross-veins. Cross-veins red in some specimens, beyond them hyaline 
to slightly smoky. Face yellow to pinkish with anterior margin red 
in some specimens. Body stramineous. Legs sometimes pink. 

Genitalia. (PI. Ill, Fig. 48.) 

Styles with medium foot; heel medium ; anterior point about a 
right angle; posterior point long, narrow and bent out forming, with the 
hollowed out base of foot, a semicircle or horseshoe. Oedagus of 
medium size almost straight with two processes arising at base of shaft, 
diverging almost at right angles and extending about two-thirds its 
length. 

There is some variation in the thickness and shape of the 
posterior points of the styles. It differs from E. infinita 
mostly in the shape of the styles, shape and form of processes 
of oedagus and in not having a row of black spines on hind 
tibia. 

Holotype, male, Johnson Co., 111., March 30, 1929; R. H. 
Beamer. 

Allotype, female, same data. 

Paratypes, 15 males and 1 female, same data; 7 males, 
Plummers Island, Md., W. L. McAtee. 

51. Erythroneura infinita n. sp. 

General ground color semihyaline to opaque yellowish white. Vertex 
with bright orange, inverted V; arms of V broadly widened against 
eyes ; continued across pronotum as diverging orange stripes. Scutellum 
almost all orange or yellow, a longitudinal white spot on median line 
at base. Tegmina with customary orange vittae', with definite margins; 
slightly fumose from cross-veins to tip. Face and sides of thorax pink 
to orange, abdomen stramineous. Upper row of hind tibial spines 
usually black. 

Genitalia. (PI. Ill, Fig. 49.) 

Style with medium foot; prominent heel; straight base; anterior 
point almost a right angle; posterior point broad, about as long as 
foot, at right angle to it, almost parallel-sided and blunt-pointed. 
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Oedagus with rather heavy shaft; almost straight in lateral view; 
several blunt teeth ventrally near basal half. Two processes arise at 
base, slightly diverge and curve dorsally for their entire length, extend 
length of shaft. Genitalia resembles that of noevus but may be easily 
separated from that species by the processes of oedagus coming off 
close to base of shaft while those of noevus come off at some distance 
from base. 

Holotype, male, Anderson Co., Kans., November 9, 1927; 
R. H. Beamer. 

Paratypes, 16 males, same data; 2 males, Nashville, Tenn., 
1927, R. H. Beamer; 1 male, Johnson Co., 111., 1929, R. H. 
Beamer. 


52. Erythroneura angularis n. sp. 

General ground color pearly white. Vertex with a bright orange 
inverted V with arms enlarged near each eye; continued almost across 
pronotum as two even-sided, narrow diverging vittae. Scutellum with 
tip orange, basal angles yellow. Tegmina with usual 3 pairs of narrow 
oblique vittae. Faint dusky spots just before cross-veins, beyond 
usually hyaline. Body white to stramineous except a narrow orange 
line following outer margin of face between eyes and an orange blotch 
immediately posterior to each eye. 

Genitalia. (PI. Ill, Fig. 50.) 

Styles with short foot ; large heel ; anterior point a right angle ; posterior 
point long, broad, curved. Oedagus in ventral view, short with a pair 
of processes arising at base, proceeding parallel with shaft to just 
beyond its middle and about two-thirds their length where they bend 
laterally at right angles. 

Holotype, male, Anderson Co., Kansas, November 9, 1927; 
R. H. Beamer. 

Paratypes, 8 males, Cherokee Co., Kans., 1927, R. H. 
Beamer; 3 males, Anderson Co., Kans., 1927, R. H. Beamer; 
3 males, Douglas Co., Kans., 1927, R. H. Beamer. 

53. Erythroneura latapex n. sp. 

General ground color semihyaline to pearly white. Vertex with 
inverted orange V, broadened at apex of arms to touch eye about half 
distance to margin; continued across pronotum as two parallel-sided, 
slightly diverging, orange vittae. Tip of scutellum orange, basal 
angles orange to yellow. Coria with usual three pairs of oblique 
vittae. More or less dusky spots before cross-veins and more or less 
fumose beyond. Face tinged with yellowish orange, sternum yellow, 
venter of abdomen stramineous. 

Genitalia . (PI. Ill, Fig. 51.) 

Styles with heavy foot; base straight; heel prominent; practically 
no anterior point; posterior point about as long as foot, broad as apex: 
of foot, of uniform width, ending in tip rounded to meet inner surface. 
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forming less than a right angle with base of foot, inner margin almost 
straight. Oedagus of medium length, viewed ventrally ends in a 
sharp point. Two processes arise basally, almost as large as shaft, 
diverge in even curve from base laterally, thickened leaf-like in apical 
third. 

Holotype, male, Douglas Co., Kans., 1927; R. H. Beamer. 

Paratypes, 1 male, Anderson Co., Kansas., November, 1926, 
R. H. Beamer; 1 male, Nashville, Tenn., December, 1927, 
R. H. Beamer. 


54. Erythroneura modica n. sp. 

General ground color opaque white to hyaline. Vertex with inverted 
V touching eyes and extending across the pronotum as two posteriorly 
diverging vittae. Scutellum more or less marked with yellow or orange. 
Tegmina with usual three pairs of oblique vittas. A series of dark spots 
just before cross-veins. Beyond cross-veins more or less dusky. Venter 
stramineous. 

Genitalia. (PI. Ill, Fig. 52.) 

Styles with foot rather small; heel rather large, projecting out 
sharply; toe much narrowed with small anterior point projecting out; 
posterior point larger, projecting in, almost forming a hook; base of 
foot convex, a character separating this species from almost all others. 
Oedagus of medium length, almost straight, with two lateral teeth or 
small blunt projections about three-quarters distance to tip, ending in 
a slightly enlarged flattened tip. 

Holotype, male, Harris Co., Texas, August 13, 1928; L. D. 
Beamer. 

Allotype, female, same data. 

Paratypes, four males, same data; 9 males, Johnson Co., 
111., R. H. Beamer and P. W. Oman. 

55. Erythroneura scissa n. sp. 

General ground color semihyaline opaque yellowish white. Vertex 
with yellow or orange inverted V; arms slightly widened at tip, scarcely 
touching eyes; continued across pronotum as narrow, diverging orange 
or yellow stripes. Scutellum with tip and basal angles yellow or orange. 
Tegmina with usual three orange or yellow oblique stripes. Venter 
stramineous, sometimes one row of black spines. 

Genitalia. (PI. Ill, Fig. 53.) 

Styles with medium foot; medium heel; anterior point small, slightly 
less than a right angle; posterior point narrow, sharp-pointed, about 
half as long as base of foot and forming a right angle with it. Oedagus 
long; slightly curved dorsally; ending in a dorso-ventrally flattened, 
bifid tip. Shaft widened laterally into a blunt tooth just before opening. 

Holotype, male, Scott. Co., Arkansas, August 23, 1928; 
R. H. Beamer. 
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Paratypes, 8 males, Johnson Co., 111., R. H. Beamer and 
P. W. Oman. 


56. Erythroneura comipes n. sp. 

General ground color semihyaline to yellowish white. Vertex with 
an orange or lemon-yellow inverted V, widened and touching eyes or 
nearly so. Continued across pronotum as a pair of diverging vittae. 
Scutellum with tip orange and angles yellow. Tegmina with three 
pairs of vittae. In some specimens dusky spots appear before the 
cross-veins. Beyond cross-veins slightly dusky. Venter varies from 
stramineous throughout to bright orange on face amd portions of 
sternum. Two specimens from Le Flore Co., Oklahoma, collected on 
locust, May 24, 1928, have all coloring lemon yellow. 

Genitalia. (PI. Ill, Fig. 54.) 

Styles with medium-sized foot; heavy heel; a very blunt anterior 
point and a very narrow sharp posterior one. Oedagus with long 
curved shaft in lateral view. Widens at tip into a split hoof-like 
tip. 

Holotype, male, Anderson Co., Kansas, November, 26, 1927; 
R. H. Beamer. 

Allotype, female, Le Flore Co., Oklahoma, May 24, 1928; 
R. H. Beamer. 

Paratypes, 4 males, Anderson Co., Kansas, 1927, R. H. 
Beamer; Douglas Co., Kansas, 7 males, R. H. Beamer, 1927; 
1 male, Le Flore Co., Oklahoma, 1928; 2 males, Johnson Co., 
111., 1929, R. H. Beamer. 

57. Erythroneura malleiformis n. sp. 

General ground color pearly white to yellowish white. Vertex 
with inverted orange V, continued on pronotum as two parallel-sided, 
diverging, orange vittse. Scutellum with tip orange, basal angles 
yellow. Tegmina with usual three pairs orange oblique stripes, definite 
but not bright as in E. penobliqua. Three small dusky spots or none 
before cross-veins, much smaller than in E. penobliqua. Beyond 
cross-veins slightly fumose. Face with anterior margin yellowish 
orange, remainder yellow. Venter light. One row of black spines 
on hind tibia, sometimes 1-3 black spines in second row. 

Genitalia. (PI. Ill, Fig. 55.) 

Styles with foot large; heel large; base straight; anterior point 
broad at base, short; posterior point narrow at base, sides tapering to 
tip, about twice as long as anterior. Oedagus short, stout, shaft 
swollen near middle, ending in a dorso-ventrally flattened tip in shape 
of a cross-bar which is about two-thirds as long as shaft. 

Holotype, male, Cherokee Co., Kans., 1928; R. H. Beamer. 

Paratypes, 1 male, Cherokee Co., Kans., R. H. Beamer; 
1 male, Lawrence Co., 111., P. W. Oman. 
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This species externally resembles E. penobliqua , but can 
usually be separated by the much smaller black spots before 
cross-veins. 


58. Erythroneura tridens n. sp. 

General ground color semihyaline to opaque white. Vertex with 
orange inverted V, sides of V not regular and although widened at tip 
scarcely touch eyes. This V continued on pronotum, although broken 
at anterior margin, as two diverging orange vittae which do not reach 
posterior margin. Scutellum with tip orange, basal angles yellow. 
Typical oblique stripes on tegmina. Those of clavus wide, that on Cu 
and costa very narrow. Slightly fumose beyond cross-veins. Anterior 
portion of face white, remainder orange. Abdomen stramineous. 

Genitalia. (PI. Ill, Fig. 56.) 

Style with medium foot; heel medium; base of foot sinuate near 
posterior point; anterior point about a right angle; posterior point 
broad and short, about one-third length of foot. Oedagus long, almost 
straight, flanked on either side by a process which extends to tip, 
curving away from shaft slightly beyond middle and again at tip. 

Holotype, male, Anderson Co., Kans., September 9, 1927; 
R. H. Beamer. 

Paratypes, 7 males, Plummer’s Island, Md., W. L. McAtee; 
2 males, Urbana, 111., Brownie’s Woods, April 2, 1925; 1 male, 
Douglas Co., Kans. 

This species resembles bicornis , but may be separated from 
it by the smaller inverted V on vertex and the longer processes 
of oedagus and the shorter posterior points. 

59. Erythroneura bicornis n. sp. 

General ground color milky white with tegmina somewhat trans- 
parent. Vertex with inverted orange V, enlarged near eyes and con- 
tinuing about two-thirds way across pronotum as diverging orange 
vittae. Basal angles of scutellum yellow, tip almost orange. Tegmina 
with three pairs of definite, rather narrow, stripes. Face more or less 
orange. Remainder of vertex and abdomen stramineous. 

Genitalia. (PI. Ill, Fig. 57.) 

Styles with medium foot; heel of moderate size; base almost straight; 
anterior point a right angle, slightly bulging laterally; posterior point 
fairly broad, about two-thirds length of foot. Oedagus almost straight, 
of medium length, with a straight rather heavy process arising either 
side of shaft toward dorsal surface, diverging from shaft and ending 
three-fourths distance to tip. 

Holotype, male, Johnson Co., 111., March 30, 1929; R. H. 
Beamer. 

Paratypes, 14 males, Plummer’s Island, Md., W. L. McAtee; 
1 male, Johnson Co., 111., R. H. Beamer. 
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60. Erythroneura obliqua Say. 

Tettigonia obliqua Say. Acad. Nat. Sci. Phila., Vol. IV, 1825, p. 342. 

“Body yellowish-white, with two sanguineous lines, connivent 
upon the head and scutel; hemelytra white, with two sanguineous 
lines. 

“Inhabits the United States. 

“Body pale yellowish-white; head with two dilated sanguineous 
lines, connivent before; antennae, seta as long as the head and 
thorax, dusky; thorax with two sanguineous lines; scutel with two 
lines and tip sanguineous; hemelytra whitish, an oblique line from 
the base slightly refracted on the thinner margin, and terminating 
behind the middle of the margin; an oblique longitudinal line on 
the disk, a more abbreviated, obsolete, subcostal line, and a costal 
line from the base to the middle of the edge, sanguineous; feet 
whitish; tail rosaceous. 

“Length rather more than one-tenth of an inch. 

“Found at Engineer Cantonment, and is also common in 
Pennsylvania.” 

General ground color semihyaline to whitish. Vertex with an 
inverted orange V; arms enlarged at tips to broadly touch eyes; con- 
tinued across pronotum as diverging, oval-shaped vittae, not or scarcely 
reaching the posterior margin. Scutellum with orange tip and more 
or less on basal angles. Tegmina with three pairs of orange stripes. 
From cross-veins to tip more or less yellowish fumose. Venter stram- 
imeous throughout. 

Genitalia. (PI. Ill, Fig. 58.) 

Styles with medium foot; heel moderate; base straight; anterior 
point slightly projecting laterally; posterior point broad at base, about 
as long as base of foot, sides converging. Oedagus of medium size, 
almost straight in lateral view, narrowing slightly from base to tip, 
with two inconspicuous processes arising at base of shaft and extending 
for about half its length in contact with it. 

Neotype, male, Douglas Co., Kansas, 1927; R. H. Beamer. 
The name E. obliqua (Say) has been the recipient of many 
species since the time of its origin. It may be separated by 
the genitalia from all other forms. The male genitalia of 
fulvocephala Rob. probably look more like it than any other 
but fulvocephala has a dark colored abdomen and is a much 
larger species. 


61. Erythroneura magnacalx n. sp. 

General ground color pearly white. Vertex with narrow inverted V, 
enlarged at base of vertex but not or scarcely touching eyes; continued 
across pronotum as two irregular-sided, diverging vittae. Scutellum 
with tip orange, basal angles yellow. Tegmina with usual three paifs 
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of oblique orange stripes; usually three dusky spots before cross-veins; 
more or less dusky beyond. Venter stramineous. 

Genitalia. (PI. Ill, Fig. 59.) 

Style with foot medium; heel large; anterior point small, just a 
right angle; posterior point about as long as foot is wide at toe, sharp, 
rather slender. Oedagus curved in lateral view, of medium size, with 
a pair of processes arising at base of shaft and extending about half its 
length. 

Holotype, male, Douglas Co., Kans., 1927; R. H. Beamer. 

Paratype, 2 males, Lawrence Co., 111., March 31, 1929, 
R. H. Beamer; and 1 male, Lawrence Co., 111., March 31, 1929, 
P. W. Oman. 


62. Erythroneura furcillata n. sp. 

General ground color semihyaline to milky white. Vertex with an 
inverted V, very sharp and narrow at the base, touching the eyes and 
continued across the pronotum forming two exceptionally even-sided 
orange stripes. Scutellum with orange tip and some coloring in angles 
but not as much as in most species with the oblique tegminal stripes. 
Tegmina with three pairs of orange stripes. A row of dusky spots just 
anterior to cross-veins. Beyond cross-veins usually slightly dusky. 
Face yellowed; remainder of body stramineous. These specimens were 
summer forms. Winter specimens will be much darker colored. 

Genitalia. (PI. Ill, Fig. 60.) 

Styles with short foot; heavy heel; anterior point long and sharp 
with its upper margin in a direct line with base of foot, posterior point 
wider and slightly longer with its inner margin curved, forming a right 
angle with the foot and the anterior point. Oedagus with moderately 
lengthened, heavy shaft, with two processes arising at base and ending 
Audi with tip. 

Holotype, male, Bowie Co., Texas, July 16, 1928; R. H. 
Beamer. 

Allotype, female, same data. , 

Paratypes, one male, same data and three males, Caddo 
Parish, La., July 19, 1928; three females, Bowie Co., Texas, 
and three females, Caddo Parish, La., R. H. Beamer. 

63. Erythroneura unicuspidis n. sp. 

General ground color white. Vertex with orange, inverted V, 
arms of V widened, touching eyes, continued across or almost across 
pronotum as two diverging vittas. Scutellum with tip orange and 
basal angles yellow. Tegmina with usual three pairs of oblique orange 
vittae; that on claval suture broadest; second following Cu to cross- 
veins; the third on costal margin. Often dusky spots just before cross- 
veins. Beyond cross-veins more or less dusky. Face may have an 
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orange band just beneath margin, remainder orange, pinkish or yellow. 
Body stramineous. 

Genitalia. (PI. Ill, Fig. 61.) 

Styles with medium foot; heavy heel; anterior point a right angle; 
posterior point sharp, rather narrow, at right angles with base of foot. 
Oedagus heavy, almost straight, with two processes arising at base and 
touching its dorsal side to tip. 

Holotype, male, Douglas Co., Kansas, 1927; R. H. Beamer. 

Allotype, female, Johnson Co., 111., March 30, 1929; R. H. 
Beamer. 

, Paratypes, 11 males, Douglas Co., Kans., 1927, R. H. 
Beamer; 1 male, Anderson Co., Kans., R. H. Beamer, 19271; 
20 males, and 5 females, 1929, Johnson Co., 111., R. H. Beamer; 
1 male, Shawneetown, 111. 

64. Erythroneura penobliqua n. sp. . 

General ground color opaque white to yellowish white. Vertex 
with orange inverted V, arms of V enlarged at base, just touching eyes; 
continued across pronotum as orange vittse whose inner margins are 
almost parallel and whose outer margins diverge posteriorly. Scutellum 
orange except small median white square at base. Tegmina with 
usual three pairs of quite red, oblique stripes. Three large fuscous 
spots before cross-veins, quite dusky from cross-veins to tip Face 
orange, abdomen yellowish white. Hind tibia with one row of black 
spines, sometimes from 1-3 black spines in second row. 

Genitalia. (PI. Ill, Fig. 62.) 

Styles with average foot; heel marked; base of foot straight; anterior 
point about a right angle; posterior point quite slender, sides converg- 
ing, about one-half length of foot. Oedagus rather stout, curved dorsally 
with some teeth on dorsal margins; ends in a dorso-ventrally flattened 
and laterally widened tip. Two processes arise slightly before base, 
enlarge near their middle and end near apical fourth of shaft in even 
lateral curves. 

Holotype, male, Johnson Co., 111., March 30, 1929; P. W. 
Oman. 

Allotype, female, Johnson Co., 111., March 30, 1929; R. H. 
Beamer. 

Paratypes, 21 males, Johnson Co., 111., 1929, R. H. Beamer 
and P. W. Oman; 1 male, Anderson Co., Kans., P. W. Oman. 

This species is close to E. obliqua (Say) in male genitalia 
but differs from that species in shape of oedagus and in having 
much larger and longer processes. It may be separated from 
that species externally by having hind tibia with one row df 
black spines. 
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THE LEAF-MINERS OF AQUILEGIA, WITH A DESCRIP- 
TION OF A NEW SPECIES. 


S, W. Frost, 

Pennsylvania State College. 

The cultivated columbine, Aquilegia vulgaris and the wild 
Aquilegia canadensis of North America are extensively mined 
by several species of Diptera. No Lepidoptera, Coleoptera or 
Hymenoptera are known to mine the leaves of these plants. 
No doubt the thinness of their leaves are uninviting to the 
miners of these orders, which usually prefer the leaves of trees 
or herbaceous plants. Phytomyza aquilegiae Hardy and P. 
minuscula Gour., are well known miners of Aquilegia. P. 
aquilegia Hardy probably does not occur in North America. 
P. minuscula Gour., is abundant throughout North America 
and produces the characteristic tortuous linear mines present 
wherever Aquilegia grows. It has been confused in American 
literature with P. aquilegia Hardy.* 

Other Diptera namely; Scaptomyza graminum Fall., Phy- 
tomyza geniculata Macq., P. obscurella Fall., and P. nigra Meig., 
were recorded as miners by Brischke in 1880, but have not sub- 
sequently been reared by later specialists of leaf -miners. It is 
probable that S. graminum was reared from decaying leaves and 
that the species of Phytomyza were incorrectly determined, 
being the well known European minuscula or aquilegia. 

Phytomyza minuscula Gour. 

Phytomyza minuscula Gour. ( — ancholia R — D 1851, aquile- 
gia R — D 1851 and aquilegia of American authors). Kalten- 
bach 1872, placed albiceps Meig., in- synonymy but this species 
was subsequently removed by Becker-Bezzi, 1905. 

Dr. Martin Hering examined specimens of the so-called P. 
aquilegia of American authors, reared and sent to him by the 
writer, and determined them as minuscula Gour. 

In North America the species was first recorded from 
Connecticut by Dr. W. E. Britton under the name aquilegia 
Hardy. The species has been recorded under the same name 
by Coquillett 1898, Aldrich 1905, Melander 1913 and Frost 1928. 

♦This confusion was first pointed out by J. C. H. de Meijere, Tijdschr. v, 
Entom. 69: 274-275, 1926. 
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Leaf Mines and Pup.® of Phytomyza. 

Fig. 1. Linear mines of Phytomyza minuscula Gour. on Aquilegia vulgaris . 

Fig* 2. Blotch mines of Phytomyza aquilegiana n. sp. on Aquilegia vulgaris. 

Fig. 3. Linear mines of Phytomyza minuscula Gour. ( ancholice R. D.) redrawn from 
Goureau, 1851. 

Fig. 4. Blotch mine of Phytomyza aquilegia Hardy on Aquilegia vulgaris , drawn 
from a specimen from Dr. Martin Hering, Germany. 

Fig. 5. Puparium of Phytomyza aquilegiana n. sp. 

Fig. 6. Puparium of Phytomyza minuscula Gour. 
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In Europe the species has been recorded as a miner of 
Thalictrum as well as Aquilegia. The writer has occasionally 
seen linear mines resembling those of minuscula on Thalictrum 
in Pennsylvania but has never reared the species. In North 
America the linear mines produced by this species on Aquilegia 
are at times so numerous that every leaf on a plant may be 
inhabited. In spite of their abundance the plant seldom seems 
to suffer injury. The habits of the species have been amply 
discussed by E. N. Cory, Jl. Econ. 9, 1916. 

, Phytomyza aquilegiae Hardy. 

The type of this species has apparently been lost.* Hardy’s 
original description is brief, however, it suffices to separate 
aqilegice from minuscula with which it has been confused in 
American literature. Fortunately the two species are not 
closely related. Minuscula is a small shiny black species with 
small shiny seed-like or foot-ball shaped puparia. Aquilegice 
and aquilegiana are larger species more cinerous in color with 
larger dull colored puparia. Hardy, states that aquilegice make 
blotch mines also “Fronte flava.” Minuscula makes linear 
mines and the front is fuscous. 

Hendel 1918 places nigra Curtis in synonymy but sub- 
sequently removes it. Apparently aquilegice Hardy does not 
occur in North America. 

Phytomyza aquilegiana n. sp. 

This species runs close to the European P. aquilegice Hardy 
but makes blotch mines of a different type. It has been 
compared with a specimen determined by Dr. Martin Hering 
as P. aquilegice Hardy and differs in the following respects; 
front as wide or slightly wider than either eye, 4 fronto orbitals 
all about the same length, cheeks less than one-third eye 
height, acrostichals reaching almost to 4th pair of dorsocentrals. 

Description . — A medium size species, 2 l /i to 3 mm. Front face 
and cheeks yellow; antennal grooves darkened, palpi and setas brown 
or black, proboscis and seta; yellow; orbits concolorous with front, 
darkened on upper outer angles; ocellar triangle subshining dark brown 

*Dr. Martin Hering writes, “I did not see the type of this species. . . , 
I cannot say where the types of Hardy have been placed. ” J. W. Edwards, British 
Museum, C. G. Lamb, Cambridge Museum, and J. M. Aldrich, U. S. National 
Museum, state that they have no idea where the type might be located. 
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and continuous with occiput which is same color; cheeks less than one- 
third eye height only slightly narrowed in front; yellow of cheeks 
extending back of eye but interrupted at vertex by the dark color of 
the occiput; front as wide or slightly wider than either eye, not at all 
produced at the insertion of the antennae, sides parallel; four pairs of 
fronto-orbital bristles, all approximately the same length, a sparce 
row of small setae on orbits adjacent to the eye margin, forward pro- 
jecting and reaching from the upper to slightly below the lower pair of 
fronto-orbitals, a row of small setae on the outer hind margin of the 
head continuing down the hind margin of the cheek, broken above 
into two or three rows and numerous below, back of mouth; a single 
pair of weak oral vibrissae scarcely stronger than the accompanying 
setae along the lower margin of the cheeks; antennae entirely black, 
third segment about as broad as long, rounded at the tip and covered 
with brown pubescence, arista twice as long as third antennal segment, 
microscopically but distinctly plumose, slightly thickened on basal 
third. Mesonotum and scutellum subshiny brown lightly dusted, 
4 pairs of dorsocentral bristles, the first and second pairs slightly weaker, 
five or six irregular rows of acrostichals reaching to or almost to the 
fourth pair of dorsocentrals, numerous small setae outside the acrostichals, 
4 scutellar bristles of equal size; sides of thorax cinerous, pleural sutures 
and base of wings narrowly yellow; 1 presutural, 2 notopleurals, 2 
intraalars, 1 mesopleural, 1 stemopleural, accompanied by two or three 
smaller setae, and 1 propleural bristle. Abdomen uniformily dark 
brown; legs brown, tibiae and tarsae paler Wings hyaline, faintly 
infumed, veins 2 and 3 diverging slightly at tips, vein 4 nearly straight, 
or slightly bending near its middle, vein 5 curving gently into the wing 
margin, 2nd, 3rd and 4th sections of costa as 3-1-1 anterior cross 
vein 1 ]/2 times its length from the division of veins 2 and 3. Halteres 
pale yellow, calypteres and fringe pale. 

Holotype c? Arendtsville, Pa. May 3, 1928, reared as a 
leaf-miner on Aquilegia vulgaris . 21 paratypes from Arendts- 

ville and Ithaca, N. Y., May, July and September. The 
species runs very close to aquilegice Hardy. 

Phytomyza plumiseta Frost , was recorded as a miner of 
Thalictrum and Aquilegia (Cornell Mem. 7p. 1924). but at that 
time it was confused with Aquilegiara. P. plumiseta dees not 
mine Aquilegia. 



THE BEHAVIOR OF HIBERNATING POLISTES WASPS. 


Phil Rau, 

Kirkwood, Missouri. 


We are told in the text-books that in temperate regions 
Polistes hibernate as adults. The story goes that at the close, 
of summer the queens and the males are born, and with the 
approach of 'cold all but the fertilized females succumb and that 
these queens hide in nooks and crannies during the winter and 
come forth in the following spring, when each one builds a nest 
independently. In a general way this is correct for Polistes 
as a genus, but when one takes the species separately and 
studies their hibernation in relation to their dissemination, 
each will be found to have unique details of its own to tell, 
and mayhap the story of each species will show sufficient 
variety to throw some light upon the relationships of the 
members of this genus. I make only a meagre offering, for 
I can throw light on the habits of only one species of Polistes , 
P. annularis, and give some incomplete notes on a few other 
species, which, however, show certain tendencies. 

My interest was first attracted to this line of observation 
by finding thousands of these wasps hibernating in clusters 
among the crevices in the rocks at Cliff Cave on April 7, 1915.* 
I returned there later, at the beginning of the nesting season, 
fully expecting to find many paper nests of this species among 
the overhanging rocks, and was disappointed to find upon 
examination that not one of the many queens had built a nest 
in the region where they had hibernated. Since then, almost 
every year a pilgrimage has been made to the point, and each 
spring I have found P. annularis, and that species only, hiber- 
nating in the same way among the same crevices, and each 
summer the rocks have been examined for nests and each 
autumn after the falling of the leaves, a survey of the trees on 
top of the bluff has been made for the evidences of their nests, 
but no trace of their presence has ever been found. Hence it 
1 

•Wasp Studies Afield, 1918, p. 283. 
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has seemed logical to decide that these P. annularis undoubtedly 
had travelled to these bluffs from a distance, and the evidence 
derived from my later work substantiates this idea beautifully. 

The limestone bluffs, fifty to a hundred feet high, are on 
the west bank of the Mississippi River, twenty miles south of 
St. Louis. The river at this point is about a mile or more 
wide; the east or Illinois shore is flat and often flooded, and 
about five miles inland is another series of limestone bluffs. 
The wasps nest among the vegetation in these lowlands during 
the summer and go to the western shore in the fall where they 
hibernate among the crevices of the rocky bluffs. 

I have already described the nests of P. annularis made at 
the slough at Chesley Island.* That point is also on the 
west shore of the Mississippi and twelve miles below Cliff Cave. 
The slough itself is the channel separating the island from the 
mainland when the river is high, but goes dry and is partly 
overgrown with willows and swamp vegetation when the river 
is low. The area thereabout is flat, river bottom, which 
runs back to an abrupt hill about one-half mile west. On 
the top of this particular hill, four years’ observations have 
never revealed a single nest of P. annularis, but P. pallipes 
always abound there. At the end of September and in the 
early half of October, however, hundreds of P. annularis come 
every year to the various clubhouses at the top and at the foot 
of this hill to hibernate. Often on warm days one sees hundreds 
coming out for an airing in the sunshine and later going 
into the cracks in the shanties. They usually occur in greatest 
abundance where the protection from the cold wind is the best, 
but I have never yet been able to find any of them hibernating 
near their nest. For instance, on February 26, 1921, in a spell 
of warm and bright weather, thousands of P. annularis were fly- 
ing about and resting in the sunshine in a plowed field at the foot 
of the hill near the club house. Here they would fly awhile in 
an aimless languid manner, and then rest; often they could be 
picked up with the forceps. Here in this area, where none had 
built a nest in four years at least, they were abundant, while 
over near the island, where they had nested, not one hiber- 
nating P. annularis could be found on the wing in the sunshine, 
under bark or in the house boats, in the thorough search that 


•Ecology, 10 : 191-300, 1929. 
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ensued that day. As it grew colder about 2:30 that afternoon, 
hundreds were seen crowding into crevices about the buildings. 
This evidence gives strong indication that the P. annularis 
population in this region leave their nesting places in the trees 
in the lowlands in the autumn and seek winter shelter about the 
foothills, finding it about the abandoned clubhouses, and rocky 
bluffs. 

The following data give additional evidence that Polistes 
hibernate in some favorable place which is usually some distance 
from the site where they build. On April 23, 1920, a thorough 
search was made of nine club buildings (harboring nests of 
P. pallipes for four years) for pallipes queens which were about 
to build, hoping that I might be able to observe the process 
at its very beginning. But in only one shed were any of this 
species found. On two old nests of P. pallipes, near together, 
I found fifteen queens of Polistes, only three of which were 
pallipes, two annularis and ten variatus. Thus P. variatus 
predominated, although for three years no nest of P. variatus 
had been found hereabouts. This shows at least that, like 
P. annularis, P. variatus come together and seek shelter for 
hibernation at a point some distance from there old home 
site. When I approached, several of them walked away and 
out through a crack in the shed wall; several were picked up 
with the forceps and these proved to be queens. When I 
returned that evening one queen P. annularis was on a pallipes 
nest, and five queens of variatus on another, but when I again 
visited the shed, on May 28, I found no building activities had 
been undertaken here by P. variatus or P. annularis. Although 
hibernating pallipes were not seen hereabouts until the three 
were observed on April 23, on May 28 I counted thirty-one nests 
of that species. This indicates P. pallipes hibernate elsewhere 
and return to the home of their mothers to build. 

On April 2, no P. annularis were in the field of corn-stuble 
and among the old buildings where on the previous visit had 
been thousands, only a few dozens of P. annularis were to be 
found; these were seen only late in the afternoon, and they 
moved with an air of indecision or restlessness, that probably 
meant site-hunting and approaching home-building. My curios- 
ity awakened, I at once walked the half-mile to the island. The 
discoveries were ample reward for the pains. Please remember 
that on February 26 the same trip had been made and that not 
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one P. annularis could be seen there. Now, as I neared the 
region I found along the way more and more of the annularis 
on the wing, flying among the vegetation. As I reached the 
pond near the stream, I found several of them coming to the 
water’s edge to drink. In the corners of the houseboat at the 
river’s edge, more of them were at rest, which took to the wing 
at my approach; they were very alert and readily attempted 
to sting. The lethargic condition previously noted wherein I 
could easily pick them up, was not in evidence today. Very 
often when I broke a piece of loose bark from a tree I would find 
underneath it an annularis wasp, no doubt enjoying temporary 
shelter. But most important of all, when I arrived at their old 
haunts and came to the dozen or so of their old nests in various 
tree-tops, I found from eight to fifteen queens on each. They 
were not scattered about over the nests, but on each nest the 
wasps remained huddled together in a group at one edge. 
They frequently licked one another, and often the mouth-parts 
met as though they might be getting some nourishment from 
their comrades. 

Evidently, then, I had had the good fortune to catch them 
at their exodus — in fact, just as they were entering their 
promised land, which however, sadly lacked milk and honey. 
The fortunate observations of that one day show decidedly that 
they had left the quarters of their temporary winter abode 
and were migrating, moving as an unorganized mass of great 
numbers would, back to their summer habitat — in reality, 
their old home. Their migration was very similar to that 
more familiar phenomenon, the migration of birds. Finding 
that they had gone, in significant numbers, back to the old 
nests of the species, I at once jumped to the conclusion that 
those which rested on the nests were the queens which had 
lived there the year before; that this occasion was to them a 
true home-coming. It seems not at all impossible that queen 
wasps which spend the last weeks of autumn on the nests 
should remember and return to these riegts after a winter’s 
absence, and there again become gregarious, lick or caress one 
another, or perhaps renew acquaintances, or revive the old 
feeling of family oneness — however you may wish to express 
it — and possibly strengthen the bond by the mutual aid of 
giving to each other some refreshment, however slight it may 
be, at this serious time of need. 
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The evidence bears me out in the theory that this home- 
coming affair is a link between the end of the hibernation period 
and the beginning of the new nests, and the dissemination of 
queens really occurs from the point of their old home instead of 
from the place of hibernation. That is probably how we can 
account for nests of P. pattipes being built in certain build- 
ings year after year, while other places which according to our 
ideas are just as desirable never have a Polistes nest. This 
method of home-coming before dessemination undoubtedly 
accounts for the growth and dissemination of the P. annularis 
population on Chesley Island as recorded by me in Ecology 
(10:191, 1929). 

So far my observations point to the conclusion that the 
habits of P. pallipes are similar in these matters. To be sure, 
I have not yet been able to discover where the pallipes popula- 
tion of this vicinity hibernates, but I know that the resident 
wasps “go away for the winter’’ somewhere, for on February 26, 
as I have already stated, not one was to be found thereabouts, 
when the annularis were so plentiful. On the later date, April 2, 
when the latter species went back to their summer home near 
the shore, these pallipes did likewise by coming home to the 
club-houses, and more than twenty were counted about the one 
building which contained their last year’s nests and by. April 
18 fifty queens had nests about the buildings. 

A’ significant remark by Wm. T. Davis* shows that in P. 
pallipes this love for the old home site is not restricted to the 
Missouri wasps. He finds in a cemetery in New York, under 
a fallen grave stone, nests of this species built during succeeding 
seasons for four years. This causes him to say, “Just as a 
phoebe returns each season and builds its nest in the old site, 
so succeeding generations of Polistes had done, and built their 
nest under the sheltering grave stone.” Another significant 
observation by Davis in late autumn is that long after the nest 
had been removed and even the sheltering stone had been taken 
away, the females were still attracted to its one time site and 
the place of their birth. Even up to November 2, he found 
them there, and it is natural to surmise that, if they survived 
the winter, they would_ build near by next spring. 


•Proceedings Staten Island Institute of Arts and Sciences, Vol. 8 : 137, 1924. 
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Polistes rubiginosis was likewise not to be found in this 
locality on that warm, sunny day in February, but on April 2 
they were conspicuous around their old homestead, which was 
between two walls. Thirty or more of these were seen coming 
to the knot-hole and otherwise behaving in a way identical with 
their conduct at the close of the previous summer.* They would 
crowd close together and lick one another, and when a P, 
rubiginosis returned from the field (if not from a longer journey) 
they would fight for the opportunity of touching its mouth with 
their own. This behavior was so similar to their conduct when 
they were watched in the preceding autumn that the observer 
could hardly realize that a winter had passed between. Whether 
these P, rubiginosis had migrated elsewhere for the winter, or 
whether they had hibernated in the space between the two 
walls, I can not tell. 

To conclude then, there does seem to be some analogy 
between the home-coming of birds after migrating to escape 
the severe winter, and the home-coming of Polistes after hiber- 
nating in sheltered spots for the same reason. Both migrations 
have the same end in view; the birds travel long distances, and 
the wasps short ones, both to return to the home region in due 
season. There is this difference however: the long-lived bird 
covers greater time and space and retains memory images longer, 
and the wasp whose life is short covers shorter distances, and 
refreshes its memory of the home site by frequent visits during 
the warm days of autumn and early spring. 


*See article in Ent. News 40 : 7-13, 1929, entitled “At the End of the Season 
with Polistes rubiginosis ." 



OBSERVATIONS ON THE ANOPHELINI 
(CULICIDiE) OF BAHIA, BRAZIL.* 


Raymond C. Shannon and Nelson C. Davis 
Yellow Fever Laboratory, Bahia, Brazil. 


The species of Anophelines treated herein were collected 
during the course of current investigations, the object of which 
is to test the ability of the wild species of Culicidae to transmit 
the yellow fever virus. 

The known Anophelines of the State of B ahia^ha ve' been 
listed twice. The species which have been collected to date 
by the writers are given in the following table which*also 
includes the two previous lists. 


Borroul, 1904 

A. (N.) argyritarsis 
(as Cellia argyritarsis) 
A. (N.) tarsimaculatus 
(as Cellia albipes) 


A. (Arr.) medio punctatus 
(as Cyclolepidopteron 
medio- punctatum) 


Peryassti, 1921 

A. (N.) argyritarsis 
(as Cellia argyritarsis) 

A. ( N .) tarsimaculatus 
(as Cellia albimana) 

A. ( N .) albitarsis 
(as Cellia brasilensis) 

A. (N.) lutzii 

(as Myzorhyuchella lutzii) 
A. ( K .) cruzii 
(as A . luztii) 

A. ( Arr .) medio punctatus 
(as Cyclolepidopteron 
medio-punctatum) 

A. peryassui + 

(as Manguinhosih lutzii) 

Stethomyia nimba 
Chagasia fajardoi 


Present List 
A. ( N .) argyritarsis 

A. (N.) tarsimaculatus 

A . ( N .) bachmanni 
A. ( N .) albitarsis 
and var. brasilensis 


A. ( K .) cruzii 
A. (Arr.) medio punctatus 

A. (Arr.) intermedins 
A. peryassui 

A . minor 
Stethomyia nimba 


A total of twelve species and one variety is therefore known 
to date for the State. Species listed by Bourroul and the 
present writers were collected within a radius of a few miles 
of the capital of Bahia, (Sao Salvador). The inclusion Jof 

♦The studies and observations on which this paper is based were conducted 
with the support and under the auspices of the International Health Division of 
the Rockefeller Foundation. 
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‘ ‘ Myzorhynckella ’ ’ lutzii and Chagasia f ajar doi indicates that 
the species listed by Peryassu came from a greater radius, 
probably from the interior, since the two species mentioned 
prefer upland regions, and are probably not to be found in 
the coastal lowlands in the vicinity of Sao Salvador. 

Three of the species at hand, Stethomyia nimba, Anopheles 
peryassui, and A. minor are of unusual interest and a detailed 
account of them is given. 

TERMINOLOGY. 

As a result of the various attempts which have been made 
in recent years to homologize the structures of the larval and 
adult stages of the Culicidae, a number of views have been 
expressed which are at more or less variance with earlier inter- 
pretations. Consequently a number of changes have been 
recommended which would radically affect the old morpho- 
logial nomenclature. However, as the opinion varies some- 
what regarding the homologies and owing to the multiplicity, 
and sometimes to the cumbersomeness, of the terms which have 
been proposed, it may be well, at least for the time being, to 
retain, so far as possible, the earlier terminology for taxonomical 
work. 

There are however a number of changes which, owing to 
the absolute inaccuracies of the older views, must be adopted. 
A list of the terms in question, are here discussed. 

Sclerotized Structures . — Ferris and Chamberlain (1928), Snodgrass 
(1929), and Campbell ( vide Snodgrass) have shown that the hardness 
of the so-called chitinized areas of insects is not due to a proportionate 
amount of deposited chitin, but to indeterminate substances intimately 
associated with the chitin, which werepresent with it when the hardening 
process begins. Further {vide Ferris and Chamberlain) that the 
magenta and acid fuchsin stains are specific, not for the chitin, but for 
the other substances (possibly of a protein nature) associated with it, 
i. e., that which causes the hardening or sclerotization. In the prepara- 
tion of specimens for staining, too prolonged treatment with alkalis 
or too intense heat will remove or alter the substance^ in such a way that 
the stains are not effective. 

The ninth abdominal segment of the larva . — Christophers (1922) calls 
attention to the fact that the mosquito larva possesses ten abdominal 
segments, rather than nine; that while the apparent eighth segment is 
actually this structure, the greater part of the spiracular apparatus must 
be assigned to the tergite of a hitherto unrecognized ninth abdominal 
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segment. The toothed structure in Anopheles which has been termed 
the comb, Christophers considers to be homologous with the pecten 
which is borne on the siphon in the Culicine larvae, rather than to the 
eighth abdominal comb of the same; he suggests that this structure, 
which is likewise borne on the ninth segment, be called the pecten of 
Anopheles larvae. The pecten plates are joined by a slender sclerotized 
arched bar which lies below the respiratory apparatus. The anal, or 
so-called ninth abdominal segment, becomes the tenth. 

Thoracic sclerties. — The terms used by Dyar (1928) are employed 
here with some slight modifications. 

Merocoxa (Crampton, 1925) is substituted for the “lateral meta- 
sterna! sclerite” of Dyar’s publication. 

Crampton has shown that the sternopleurite which superficially 
appears as a single sclerite in the Culicidae, is in reality composed of two 
structures, the posterior anepistemum and the sternopleurite, the two 
having fused together. The former structure bears the prealar setae 
and for this reason, the sclerite may be called the prealar sclerite, in 
conformity with Edward’s system, (1921). In some species of Culicidae, 
a more or less obvious membranous area still separates the two. This is 
usually the case in the Anophelini, while in at least some species of 
Uranotaenia , a straight line of demarcation (best seen in caustic-treated 
specimens) indicates the line of fusion. In Stethomyia nimha the 
prealar sclerite is membranous (save for the internal sclerotized spur, 
present in all Culicidae, even when the prealar sclerite is sclerotized) 
and without setae. 

The usual location and number of pleural setae present in the Ano- 
phelini are as follows: three to six propleurals; about ten on the pro- 
thoracic lobes; pronotum usually bare; three to five spiraculars; post- 
spiraculars absent; paratergite bare; about seven prealars; one to three 
upper stemopleurals; about three lower stemopleurals; and eight to ten 
upper mesepimerals. Some of the marked exceptions to the above 
arrangement are: Chagasia with about ten pronotals and the para- 
tergite clothed with scales, other setae also more numerous; Stethomyia 
with three to five setae on the prothoraaic lobes, one propleural seta; no 
spiraculars, no prealars; and two upper mesepimerals. Bironella and 
some species of Myzomyia likewise lack the spiraculars (Edwards, 1924). 
Anopheles maUagrossensis , a tropical American species (specimen at hand 
from Rio Catatumba, Venezuela) has four well developed setae, widely 
separated from the upper series, and centrally situated on the mes- 
epimeron. 


THE TERMINALIA OF THE MALE ANOPHELINI. 

Terminalia (Freeborn, 1924) is an all inclusive term for the anal and 
genital structures and the abdominal segments intimately associated 
with them. In the male Culicidae, owing to the fact that all of the parts 
caudad of the seventh segment undergo a torsion of 180°, whereby the 
normally ventral surface becomes secondarily dorsal, the term terminalia 
is applicable to all structures caudad of the seventh segment; and, 
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inasmuch as the parts are directed outwardly and in the same plane 
with the abdomen as a whole, the term is preferable to that of 
hypopygium (signifying “below the rump”) and also to that of genitalia, 
which strictly speaking applies only to the sexual organs. 

Dorsal and ventral aspects of the terminalia . — After torsion, there is 
a reversal of the dorsal and ventral aspects of the terminalia, but some 
authors call the secondarily ventral aspect, the ventral; while others 
consider it the dorsal, as if in its original position. The latter view is 
preferable, especially as the terminalia, as a rule, are mounted to show 
the anal segment uppermost. Likewise most of the figures published 
have this aspect uppermost. If necessary to avoid confusion, the 
aspects may be termed the sternal and tergal aspects respectively. 

Classification of the terminalia . — The structures are divided (Edwards, 
1920) into four groups. 

1. The ninth segment. (The eighth is without significance in the Anophelini.) 

2. The appendages (forceps) of the nmth segment. 

3. The tenth or anal segment. 

4. The phallosome (or sclerotized parts of the genitalia). 

1. The ninth segment. — In the Anophelini both sternite and tergite 
are present, the sclerotized portions usually forming a narrow ribbon. 
The sclerotic areas vary somewhat in the different species and both 
sternite and tergite at times may be almost entirely membranous. 
Free lobe-like processes may be developed, but well differentiated setae 
are lacking. 

2. The forceps , or appendages of the ninth segment. — A pair are 
present, each consisting of three primary structures: side-piece, style, 
and appendicle (appendage of the style). A fourth structure, the 
claspette (interbasal fold) lies between the bases of the side pieces and 
is attached to them. 

(a) Side-piece — (Basistyle, etc.). A comparatively simple structure 
in the Anophelini, consisting principally of a hollow sclerotized tube. 
There may be more or less well defined sclerotic lacunae (non-sclerotized 
areas) on the inner surface, best shown in freshly stained specimens. 
The apodeme (Edwards) is in an internal prolongation of the base of 
the side-piece which shows as a strongly sclerotized curved arm. In 
addition the side-piece possesses* from two to five spines, and one or 
more lobes. 

(b) Style or clasper. — A long sclerotized rod occurring at the distal 
end of the side-piece. 

(c) Appendage of the style or clasper. — In the Anophelini this is a 
snjall spine-like structure situated at the apex of the style, but in some 
of the other Culicidae it assumes various shapes and sometimes position. 
It may be advantageous to shorten this expression to “appendicle” 
(appendicula). 

(d) Claspette. — (Interbasal fold or lobes, harpagonal fold). Largely 
a membranous structure consisting of one or more lobes bearing several 
pairs of spines, some of which may be modified. Lies ventrad to the 
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phallosome between the bases of the side-piece to which its lateral 
ends are attached. 

(e) Parabasal lobe. — The parabasal spines, located on the inner, 
basal portion of the side-pieces are usually situated on separate, well- 
defined tubercles or lobes, termed the parabasal lobes. These are 
considered to be portions of the claspette that have become attached to 
the side-pieces. 

3. The tenth or anal segment (of authors) (= proctiger of Freeborn, 
1924). In Anophelini this consists principally of a membranous cone- 
like structure, but more or less strongly sclerotized lateral arms (cerci 
Christophers, paraprocts Freeborn, 10th stemites Edwards) may be 
present. These in turn occasionally have (e.g. in Stethomyia) a spur- 
like protuberance. The epiprocts (Freeborn 1924) or tenth tergites 
(Edwards 1920) are said by Freeborn to be present in Anopheles “in the 
form of diffuse chitinization fusing with that of the paraprocts, which 
is so faint as to be indistinguishable, yet sufficiently heavy to cause 
the proctiger (anal lobe) to remain visible in potash mounts, which is 
seldom noted with the membranous parts of this organ in other genera.’' 

4. Phallosome (Christophers, 1922) ( Aedoeagus , mesosome). — “The 
phallosome * * * lies sheathed in the chitinizations of the penis 
cavity * * * springing from the ventral body wall at the base of the 
tenth segment * * * In Anopheles it forms the narrow rod-like 
organ characteristic of the genus,” and possesses an apical opening 
(Christophers). In addition, it may be noted that the lateral sclerotized 
arms of the phallosome in the Anophelini usually diverge basally, 
forming thereby an inverted “V.” One of the principal differences 
between Stethomyia and the other Anophelini occurs in the form of 
the phallosome of which a detailed description is given under this genus. 

The dorso-lateral plates (Christophers). — A pair present, one at the 
dorso-lateral base of each lateral arm of the phallosome. 

The junctura (Christophers) lies between the dorso-lateral plate 
and the apodeme of the side-piece. 

THE FEMALE TElfiilNALIA. 

For a description of the female terminalia see Christophers, 1923 
and Davis, 1925. 


TECHNIQUE 

It has been found advantageous to use several more or less recently 
proposed modifications in the method of treating insects, or their parts, 
for microscopic study. The following method has given considerable 
satisfaction. 

The entire specimen, or a portion, is boiled in a ten per cent solution 
of potassium hydroxide for two or three minutes and immediately 
transferred to a solution of acetic-alcohol, consisting of eighty parts of 
fifty, per cent alcohol and twenty parts of glacial acetic acid. The 
specimens may be left indefinitely in this solution or removed after a 
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minute and placed on a slide in one or several drops of Gater’s mounting 
medium; the specimen is then ready for examination, and, by placing 
a cover slip on the specimen, a more or less permanent mount is obtained. 
The mountant proposed by Gater (1929) is a modification of the Berlese 
medium and was devised for the purpose of mounting Anopheline 
larvae directly from water and for preserving them for future study. 
Its use has been found extremely convenient in studying the terminalia 
of Anophelines. In addition to the rapidity with which the specimen 
may be prepared the medium possesses sufficient consistency so that 
the specimen may be placed on the slide in any position without sub- 
sequent undue rolling. Also, the medium resists drying for a consider- 
able time, but even after drying fresh mountant or acetic alcohol may 
be added to that already on the slide. After examination, the specimen 
may be returned to the acetic alcohol solution or made into a permanent 
mount. Although sufficient time has not elapsed in order to note the 
rapidity or degree of fading, it is believed that it will not be so rapid 
or as complete as with specimens mounted in Euparol. 

Occasionally, staining will help to differentiate characters. When 
needed, specimens may be placed directly from the acetic alcohol into 
a weak solution of acid fuchsin (saure-fuchsin 0.5 grams; 10 per cent 
hydrochloric acid, 25 cc.; distilled water, 300 cc.) for an hour, washed 
briefly in 95 per cent alcohol, and then be placed in Gater’s medium. 
The stain gradually fades in the mounting medium but remains sufficient- 
ly strong for hours. After the stain fades, the specimen may be removed 
from the mountant, washed a few minutes in acetic alcohol and then 
restained. 

For staining methods see Ferris and Chamberlain, 1928, and Ferris, 
1929. Another paper (Imms, 1929) has just come to hand which 
contains the original Berlese formula and also the formula of the De 
Faure fluid which is somewhat of a similar nature. In addition, the 
paper discusses staining methods and other entomological technique. 
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DISCUSSION OF SPECIES 

Genus Stethomyia Theobald. 

Stethomyia Theobald, Joum. Trop. Med., 5: 181, 1902. 

The genus Stethomyia was established by Theobald (1902) 
with S. nimba as the genotype, although the species was not 
described until the following year (Theobald, 1903). In 1918 
Dyar reduced the genus to subgeneric rank, while Christophers 
(1924), Bonne and Bonne-Wepster (1925), and Root (1929) 
have regarded it as a complete synonym of Anopheles. As 
will be shown below, S. nimba possesses characters at such 
marked variance with the other members of Anophelini in the 
larval and adult (male and female) stages that it cannot be 
consistently treated as a member of the genus Anopheles. 

Stethomyia nimba Theobald. 

S. nimba, originally described from British Guiana, is now 
known to occur in Panama, the Guianas, and Brazil. However, 
it is only during the last ten years that breeding places of the 
larvae have been found, but to date, no description of the larva 
has been given, and not until 1925 (Bonne and Bonne-Wepster) 
and 1928 (Dyar) has the male terminalia been described. In 
the descriptions of the terminalia, although certain character- 
istic features were noted, that given by these authors for the 
phallosome has been so incomplete as to leave its true nature 
unknown. 

The larva was probably found for the first time in 1923, 
in a shaded rock-enclosed spring* on the Atlantic side of the 
Canal Zone (J. B. Shropshire). Bonne and Bonne-Wepster 
(1925) record finding larvae in a permanent pool in Surinam. 
Chamberlain and Curry (1928) also record the occurrence of 
larvae in the Canal Zone, in shaded pools associated with 
A. eiseni, A. punctimacula, and Culex declarator. The writers 
found small numbers of larvae early this year (1929) on several 
occasions in a small spring-fed swamp (Pirajd, Fratelli Vita, 
a few miles distant from the city of Bahia). A little later 
(June) Dr. Jose Serafim, of the Saude Publica of Bahia, found 
larvae in a small temporary pool in a locality (Pirajd, Barros 
Barreto) where the writers had collected mosquito larvae on 
several previous occasions, and where up to this time its presence 
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had not been suspected. However, heavy rains had caused 
water to flow from temporary springs, and the water accumu- 
lating in a pool, largely shaded by trees, had created decidedly 
favorable breeding conditions. The temperature of the water 
was distinctly lower than in the unshaded pools. According 
to our local records it seems possible that the species is not 
only addicted to cool spring waters but breeds more abundantly 
in the cooler winter season. During the same month (June) 
the writers collected several hundred larvae and a few pupae 
from the last-mentioned source. Three species of Corethrella, 
one species of Dixa, and a few Culex larvae were found associated 
with S. nimba in this locality, whereas in the Pirajd, Fratella 
Vita, locality, larvae of An. peryassui and an undescribed species 
of Uranotmnia were found along with the nimba larvae, as well 
as one of the species of Corethrella and the Dixa species. The 
last-mentioned species of Corethrella is the only one of this 
group of spring-swamp-water-loving species that has been found 
to date in other types of breeding sources. 

The adults have been very little in evidence in the vicinity 
of their larval sources. Only on one occasion has a female 
been seen to attempt to bite man but owing to its extreme 
shyness, it did not actually attack. Also, on three occasions, 
attempts were made to obtain adults by using a horse as bait, 
but only one specimen was thus captured. Two adult males 
were collected with an insect net in a small well-shaded, over- 
hanging clay bank at a place apparently some distance from a 
breeding source. 

After a little experience, it became very easy to distinguish 
the larvae of S. nimba at sight, chiefly by its rather short (about 
six millimeters in length) but proportionately broad appearance 
and yellowish color. , * 

Larvr: (Figure 1.) Antenna with a small two or thfee branched 
hair basad of the middle; the anterior clypeal hairs simple, rather stout, 
the median ones fairly long 'and well separated; the outer thoracic 
shoulder hair remarkably long, extending well beyond the anterior 
head margin; the anterior median thoracic hairs with about seven 
slender branches; the abdominal palmates represented by extremely 
inconspicuous, transparent structures with very long (over twice the 
length of the stalk) filamentous leaflets; the lateral hairs on segments 
four to seven sparsely plumose; the spiracular openings -on the ninth 
segment widely separated; this segment also bearing a pair of long, 
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slender, segmented (as seen under high magnification) hairs which 
divide midway of their length into four branches. The basal, seg- 
mentedportion (see Figure 7) resembles the cerci found in stone-fly 
nymphs (Plecoptera) and in adult Mayflies. They are quite distinct 
from the lateral papillae and their appended hairs, as these are 
likewise present, as well as from a hair borne on a membranous 
lobe ventrad of the papilla and a fourth hair attached to a heavily 
sclerotized tubercle, distad of the fossate hairs. The posterior flap is 
short and broad; each set of grappling hooks consisting of seven or eight 
hairs. 

Pupa: (Figure 2.) Closely resembles the Anopheline type. The 
trumpets are rather small, with a sub-quadrate opening and the spines 
on the eighth segment are plumose. The “frontal sclerite” of the 
cephalo-thorax is undivided as in the other Anophelini. 

Adult: Female. A small, slender mosquito with very long legs. 
Dark colored save for a patch of white scales between the eyes (the 
only white scales present in the species), and the thoracic markings, 
consisting of a slender median milky white line extending from the 
anterior to the posterior margin of the mesonotum and the pale lateral 
margins of the mesonotum. The erect head scales are slender and rod- 
like, usually with blunt tips. 

Head: Antennae of normal appearance, length 1.2 mm. Proboscis 
long, 1.8 mm., and slender with appressed scales and minute setae; 
each labellum about three times as long as wide; palpus slender, slightly 
subequal to length of proboscis (1.7 mm.), clothed with appressed 
scales, and with a row of well defined setae extending on the outside 
surface for the full length of the palpus, a group of long setae present at 
the apex. 

Thorax: (Figure 23) Prothoracic lobes with but three to five well 
scattered setae; pronotum without setae or scales; prespiracular sclerite 
bare; one propleural seta; three mid- and one upper-stemo pleural 
setae; prealar sclerite membranous and without setae; two upper mese- 
pimeral setae. 

Legs: Very long and slender. Fore leg: 7.0 mm. (tibia 1.8 mm., 
basitarsis 1.7 mm.); mid legs: 7.5 mm. (tibia, 2.0 mm.; basitarsis, 2.0 
mm.); hind leg: 9.0 mm. (tibia, 2.0 mm.; basitarsis, 2.4 mm.). 

Abdomen : Dark colored, without scales, the basal stemites weakly 
sclerotized. The terminalia are essentially characteristic for the tribe, 
save that the ninth stemite is fairly well developed (see Figure 10), 
and the cerci are rather long and slender (4 by 1). Only scattered 
setae are present on the cerci. 

Wings: Scales entirely dark, narrow; length 3.3 mm.; width 0.8 mm. 
Halteres with appressed dark scales. 

Male: Third palpal joint fused with the second. Claws essentially 
the same as in the other American Anophelini. 
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Terminalia: Ninth Segment . — Composed of both tergite and stern- 
ite, the two being weakly fused together laterally. The tergite is 
divided at its middle and has a pair of comparatively poorly developed 
lobe-like processes (Figure 8) which probably correspond to the more 
fully developed processes found in the species of the group Anopheles 
(subgenus Anopheles). 

Anal Segment: Conical, largely membranous but with a pair of 
sclerotized stemites (paraprocts, Freeborn). Each of these has a 
ventrally directed spur, the tip of which is opposed to the modified 
spines of the claspette. (In Figure 8, the anal lobe with the adjoined 
anal segment is shown in a flattened condition). 

Appendages of the ninth segment. — The side-piece is rather small and 
slender. It possesses a large saber-blade-like parabasal spine and a 
slender internal spine. In freshly stained specimens there may be seen 
a triangular-shaped basal lacuna the apex of which extends as a slender 
line to an apical lacuna. The style is somewhat longer than the side- 
piece and the length of the appendicle is shorter than the width of the 
style. 

Claspette. — (Figures 12 and 13). Consists of a ventral membranous 
lobe which is low and has a slight inward convexity on its apical 
margin. In addition, there are three large tubercles, the ventral one 
(above the ventral lobe) bearing an elongated transparent spine which 
has a distinct subapical tooth; the median one bears a stout opaque 
spine and the dorsal lobe has a pair of closely applied modified spines. 
These last are broad and strongly convexed; in their natural position, 
they form a scoop-shaped hood overhanging the median and ventral 
spines. Between the ventral lobe and the dorso-lateral giates of the 
phallosome is a distinct subquadrate opening. 

Phallosome (Figure 14). The base is composed of a broad thin 
plate (as shown when on edge) which is shaped like a shallow trough, 
the lateral margins being directed upwards. From its baso-ventral 
corners arise the lateral arms of the phallosome. Their distal portions 
twist freely when pressure is exerted on the cover slip, thereby indicating 
that they are apically unattached. Distad to the basal plate and 
dorsad to the lateral arms, is another thin plate, somewhat thimble- 
shaped in outline. This is definitely attached to the basal piece (as 
shown by the impossibility of removing it entire) although there is a 
definite line of demarcation at its base. The basal plate possibly 
corresponds to the ventral bridge found in other genera of CulicicUe, 
but should be termed the basosome pending its definite homology. 
The thimble-shaped plate possibly corresponds to the dorsal bridge 
of other Culicidse but should be termed for the present, thedorsal plate. 
That this sclerite may be the true epispme (as described by Christophers, 
1922) from which the epimeres or leaflets are derived is indicated by 
the presence of a thin, transparent (in stained specimens), apical 
structure found on the phallosome of certain species of k the Anopheles 
group, e. g. A. punctipennis Say '(see Figures 9 and 9a) A In the latter 
species, the leaflets are clearty appendages of the apic& transparent 
structure. 
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Basad of the basosome is a pair of sclerites which probably cor- 
respond to the dorso-lateral plates of Christophers (p. 554). Each of 
these has a laterally adjoined sderotized structure which is articulated 
to the apodeme of the side-piece. These in turn probably correspond 
to toe juncture of Christophers. The dorso-lateral plate is sub-quadrate 
m a directly end-on-view of toe terminalia, while the juncture and 
apodeme are similar in appearance to those of the subgenus Anopheles. 

, The above study of this species indicates it to be of a primi- 
tive archaic type, radically distinct from the other American 
Anophelini in a number of respects. However, certain other 
Anophelines, chiefly Old World species, share one or more of 
the peculiarities of nimba, and the following tabulation calls 
attention to these and to the species possessing them. The 
information regarding the Old World forms, has been obtained 
largely by letter from Dr. F. M. Root and the publications of 
Christophers (1924), Edwards (1924), Mackerras (1927) while 
that for the American species was obtained from Root (1926, 
July 1927, September 1927). 

1. Rudimentary palmate hairs. A. (An.) brevipalpis Roper 
(North Borneo: Malay States); A. {An) novumbrosus Strick- 
land (Malaya); A. (An.) separatus Leicester (Malaya); A. 
(An.) atratipes Skuse (Australia). In A. novumbrosus developed 
palmate hairs are present on two abdominal segments. All 
of the above species have been referred to the subgenus Ano- 
pheles and occur either in the Malayan region or in Australia. 
They differ from S. nimba in having leaflets on the phallosome 
and in the possession (in all?) of thoracic scales which are 
lacking in nimba. 

2. Phallosome without leaflets. A. (An.) plumbeus Stephens 
(Europe); A. (An.) barianensis James (India); A. (An.) barberi 
Coquillett (Eastern United States); genus Chagasia (tropical 
America); subgenus Nyssorhynchus (with argyritarsis R. D. 
and darlingi Root as exceptions; however, these species have 
atypical leaflets) (America, chiefly tropical) ; subgenus Kerteszia 
(tropical America); A. (An.) “species”, “Phallosome with 
fimbriated frill but no leaflets,” vide Christophers (Malay); 
A. (Myzomyia, group Myzomyia) multicolor Camboulin (North 
Africa, Palestine); A. ( Myzomyia , group Cellia) pulcherrimus 
Theobald (Mesopotamia*, Turkestan, Northwest India). 

According to the above species, the absence of leaflets is 
evidently sporadic, occurring in members of the tribe widely 
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separated taxonomically and geographically. However, the 
point at issue here is whether in S. nimba the episome remains 
in the primitive condition and the leaflets have never developed 
(and such is apparently the case) or whether they have been 
lost as in the other species. As mentioned under the description 
of the phallosome of S. nimba, a thin transparent structure is 
to be found at the apex of the phallosome of An. punctipennis, 
to which the leaflets are attached. This structure probably 
is a vestige of the episome. A. ( Nyssorhynchus , Myzorhyn- 
chella) parvus (Chagas) may represent another intermediate 
step in the development of the episome. As just stated above, 
the species of the group Nyssorhynchus (subgenus Nyssor- 
hynchus) do not possess leaflets except for the presence of 
atypical leaflets in argyritarsis and darlingi. The tip of the 
phallosome of Myzorhynchella parvus, according to Root (1927) 
“bears a pair of reflexed leaflets, not unlike those of argyritarsis 
or darlingi. But between these leaflets, there is a zone of 
chitinization which is continued apically to form a pointed 
hook-like structure, bent over towards the dorsal lobes at its 
tip.” This “zone of chitinization” may represent a fairly 
large vestige of the episome, which eventually becomes more 
or less completely lost in the species belonging to the Nyssor- 
hynchus group. 

3. One parabasal spine present. All species of the sub- 
genera Nyssorhynchus and Kerteszia (American); A. (An.) stig- 
maticus and atratipes Skuse (Australia); A. (Christy a) implexa 
Theobald (Africa). 

In these species the lateral arms of the phallosome are 
separated basally ; moreover the species of Kerteszia and Nyssor- 
hynchus bear two accessory spines on the side piece, while the 
other species possess phallospmic leaflets. 

4. Head “scales” rod-like: A. (An.) stigmaticus Skuse (As 
A. corethroides Theobald, vide Christophers; synonomy vide 
Edwards): ? A. (An.) atratipes Skuse (no information is at 
hand regarding this character in atratipes, hut it is provisionally 
referred here owing to its relationship to stigmaticus)', A. 
A. aitkenii James (Orient). 

5. Spiracular setce absent. Bironella gracilis Theobald 
(Papua). “Also absent in some species of the subgenus 
Myzomyia ” (vide Edwards, 1924). 

6. Characters believed to be strictly peculiar to Stethomyia. 
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As far as is known, the following characters are not shared 
by any of the other species of Anophelini: Larva with widely 
separated spiracular openings on the ninth tergite; the ninth 
tergite also bearing a pair of long segmented hairs that split 
into four apical branches. Adult with the prealar sclerite 
membranous and without setae; ninth sternite of the female 
distinctly sclerotized; male with the second (true second) 
palpal joint completely fused with the third; the phallosome 
with the lateral arms joined basally by a basal structure (the 
other Anophelini, all ?, have the lateral plates separated and 
widely diverging basally); a large dorsal phallosomic plate 
( = ? episome of Christophers) present. 

If the condition of the phallosome and the palmate hairs 
indicate a primitive type (as well as the other apparently 
primitive features: dark color, rod-like erect scales on the 
occiput, and absence of scales on the thorax and abdomen) 
as one may suppose, it is strange to find the fusion of the second 
and third palpal joints in the male, which indicates a specialized 
structural condition. This shows, however, how irregularly 
specializations have occurred in the members of the tribe; the 
species tabulated above likewise show that the present-day 
species of Anophelini do not exhibit a uniformly graded series 
of specializations. 

Most of the aberrent (and presumably the more primitive) 
types (i. e. those mentioned above) are placed in, or are con- 
sidered to be closely related to the subgenus Anopheles, a group 
which by common concensus of opinion is regarded as one of 
the most primitive of the tribe. I.t is of interest to note that the 
species which appears to be most nearly related to S. nimba, 
namely A . atratipes, as indicated by structure (the figure given 
by Mackerras shows but two spines attached to the side-piece 
and the leaflets are attached to a rather large plate which may 
represent the dorsal plate of 5. nimba) and somewhat by habits 
(“A sylvan day-biting species, most prevalent in spring and 
early summer” Mackerras) is an Australian species. Possibly 
we have here an argument in favor of the Antarctic region 
having been at a former time one of the centers of distribution 
for the Anophelini. It is $lso of interest to note that the other 
species with rudimentary palmate hairs occur in the Malayan 
region. 
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Genus Anopheles, Subgenus Anopheles. 

Group Manguinhosia Lutz. 

Manguinhosia Luts, Um. Nov. Gen. Braz. Anoph. 1907. 

The name Manguinhosia, established originally as a generic 
name for the reception of M. lutzi Cruz (= Anopheles peryassui 
Dyar and Knab, 1908) is here used as a group name solely as a 
matter of convenience for designating what may prove to be 
but a single species or else a group of closely related species. 
The fact that this species (or group of species) possesses char- 
acters which readily separate it from the groups Patagiomyia 
and Arribalzagia, its nearest allies, precludes the possibility of 
confusion with other Anophelines (see further discussion under 
Anopheles minor Costa Lima). The characters peculiar to the 
group are: abdomen without scales save on the eighth segment 
and the cerci and sometimes on the seventh; tarsi black with 
whitish rings (either apical and basal or apical only) except on 
the entirely black fifth joint; halteres without white scales; 
disk of mesonotum without developed scales. 

SPECIES OF THE GROUP MANGUINHOSIA. 

The status of the recorded species of this group is in a most 
unsatisfactory condition. On three occasions, specific names 
have been erected for material originating from various parts 
of Brazil: peryassui Dyar and Knab 1908 (= lutzi Cruz, 1907); 
celidopus Dyar and Shannon, 1925; alagoanii Peryassu 1925. 
In addition to the original records; Peryassh (1921) has recorded 
Peryassui (as lutzi Cruz) from five different states of Brazil; 
Bonne and Bonne-Wepster (1925) have recorded the same 
species from Surinam; and we have at hand material from the 
States of Bahia and Recife which may prove to be any of the 
above or still another species. 

The species of the group are evidently rare, and with the 
exception of alagoanii, males have not hitherto been recorded, 
and even in this case the terminalia are uqdescribed. Owing to 
the insufficiency of the characters presented by the females 
and to the possibility of the examples from Surinam being mis- 
identified, it is impossible for the present to determine how 
many of the above should be recognized as valid species. 

A brief historical review is here given for the forms involved. 
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(1) . A. (A. Manguinhosia) peryassui Dyar and Knab, 1908. 
Manguinhosia lutzi Cruz (not Cruz, 1901). Um. Nov. Gen. Braz. Anoph., 1907. 
Anopheles peryassui Dyar and Knab. Proc. U. S. Nat. Mus. 26: 53, note. 1908. 

Description based on females only. Type locality: Bicudos, 
State of Minas Geraes (June) (vide Peryassil, 1908). Recorded 
by Peryassil (1921) from the States of Bahia, Sao Paulo, Minas 
Geraes, Goyaz, and Matto Grosso. 

Eight specimens, probably types now in very poor con- 
dition, are present in the collection of the Oswaldo Cruz 
Institute. 

(la) Bonne and Bonne-Wepster (1925) record several 
females of Anopheles peryassui from Moengo, Surinam. Dyar’s 
description of Anopheles ( Anopheles ) peryassui D. and K. 
(1928) is presumably based on a specimen from Surinam. 

(2) . A. (A. Manguinhosia) celidopus Dyar and Shannon. 

Anopheles celidopus Dyar and Shannon. Journ. Wash. Acad. Sci., IS: 41, 1925. 

(January). 

Described from five females. Type locality: Carmo, Rio 
Branco, Amazonas. Type in the U. S. National Museum, 
Washington, D. C. 

(3) . A. (A. Manguinhosia) alagoanii Peryassu. 

Anopheles alagoanii Peryassu, A. Folha Medica, 6: 258, 1925. (October). 

Described from males and females (without description of 
terminalia). Type locality: “Captured along the margins of 
the lagoa Manguba and more abundant at Mutange and 
Bom-Parte, suburbs of the city of Macei6, capital of the State 
of Alagoas, Brazil. The larvae inhabit boggy areas in the 
wooded valleys and swamps (June, July, August, and Septem- 
ber).” Types presumably in the collection of Dr. Peryasstl. 

4. Present material from Bahia. 

The larvae were found on several occasions (March to May, 
1929) in a small spring-fed swamp located about eight miles 
north of the city of Bahia.’ Adults of both sexes were reared 
and in addition fifteen females were taken in the locality 
while using a horse as bait. All stages, except the egg, are 
described below. 

5. Two females collected in the outskirts of the city of Recife on 
a horse, October 20, 1929. 

They agree in structure and coloration with those listed 
under number 4. 
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The original description of peryassui is not in accord with 
our specimens in several respects. It states that white rings 
are present at both ends of the joints: (“1st, 2d, 3d, and 4th 
segments of the tarsi with the same coloration, there being 
present on all a cream-colored ring, which involves both ends 
of the segments”). Also the description states that the halteres 
are dark with some yellow scales. Dr. A. da Costa Lima, 
who examined the specimens of peryassui in the Oswaldo Cruz 
Institute, informs us that our specimens differ from those in 
the Institute in one notable respect, namely, as regards the 
scaling on the abdomen. In peryassui, “next to the apical 
extremity of the seventh segment, on all the eighth, and on the 
genital segment, there are found numerous white scales, giving 
these segments an ashy appearance. On the apex of the 
seventh segment there are also some yellow scales. Lower 
surface: dark, clothed with light chestnut hairs, with some 
white, rounded spatulate scales on the seventh and eighth 
segments, with the genital lobes densely clothed with black, 
broadly spatulate scales. From my point of view, your speci- 
mens appear to be to peryassui as brasilensis is to albitarsis.” 
(Costa Lima). 

Our specimens from Bahia, differ from the above character- 
ization in having only apical rings on the tarsal joints; the 
knob of the halteres completely black, a complete absence of 
scales on the seventh segment, both above and below, and in 
having bronze-colored scales intermixed with the white on the 
eighth segment, while the dorsal surface of the cerci is clothed 
with black and white scales. 

Dyar (1928) separated the three described forms as follows 
(description of peryassui is probably based on a specimen from 
Surinam) : 

1. Wing spottings more relieved; distinct white scales preceding the last 
costal spot; tarsi with yellowish white narrow rings at the articulations 
involving both ends of the segments, less marked on the hind tarsi than 


on the fore and mid tarsi peryassui D. and K. 

Wing spottings less relieved; no distinct white scales outwardly on costa; 
tarsal rings involving bbth ends of the segments. % 

2. Tarsal rings most prominent on the hind legs. . alagoanii Peryassti 

‘Tarsal rings most prominent on the fore legs celidopus D. and S. 


In all cases, it has been recorded that the tarsal rings involve 
both ends of the segments, and for the first twb, the rings are 
said to be less prominent on the hind than on the fore tarsi. 
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In the present Bahian material, the rings are apical only and 
but slightly more prominent on the fore legs than on the mid 
and hind legs. 

If the above-mentioned differences were known to be con- 
stant, the forms no doubt could stand as good species and it 
would be justifiable considering our material as representing a 
new species. However, considering the lack of verified inform- 
ation; the unknown structure of the male terminalia of all but 
our own material, the distribution of the recorded material 
and their obvious close similarity, there appears, for the time 
being, but one decision to make, which is to consider all tenta- 
tively as one species, namely peryassui. It should be mentioned 
in this connection that Recife (from whence we have two 
specimens) is not far distant from Maceio (type locality for 
alagoanii) and is between Maceio and Rio Branco (type locality 
for celidopus ) . 

The description given below for An. peryassui is based 
entirely on our material from Bahia and Recife. 

Anopheles (A. Manguinhosia) peryassui. 

Larva: Antenna with a small sub-basal five branched hair; inner 
anterior clypeals simple, well approximated; outer clypeals thickly 
branched with more than 50 ultimate branches; posterior clypeals 
small, with five branches; inner anterior thoracic hairs small with about 
seven slender branches; palmate hairs of the Arribalzagia type present 
on segments one to seven, those on segments one and two with slender 
leaflets; plumose hairs on lateral margins of segments one to three, 
double on segments four and five, the remainder single; pecten with 
alternating long and short teeth, the short ones only with marginal 
setulae; seven to eight well developed grappling hairs. 

Pupa:. Trumpet prolonged posteriorly with a deep notch, similar 
to that found in the Arribalzagia; eighth abdominal spine simple; 
paddles much longer than broad, the rib slightly mesad of the middle; 
terminal hair simple; spines on exterior margin very minute, but the 
apical and almost the entire inner margin with a fringe of fine hairs. 

Female: Rather small, grayish in general appearance with remarkably 
long legs. Occiput with white scales above, dark brown below, white 
setae and scales between the eyes; palpus with outstanding blackish 
scales, a few white ones at apices of second and third joints; prothoracic 
lobes with a tuft of scales above; three upper and two mid-stemopleural 
setae; abdomen without scales save for appressed white scales on the 
dorsum of the last segment, and black and white scales on its stemite; 
cerci densely black scaled; legs very long, black, showing white markings 
only at the apices of the tibiae and as narrow white apical rings on all 
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but the last fifth tarsal segments; the rings on the fore tarsi being the 
most prominent. Knobs of halteres black. Wings with seven black 
costal spots; three black spots on the third vein, alternating with white 
ones of nearly the same length and four, sometimes five black spots on 
the sixth vein. Outstanding scales on the basal half of the fourth 
vein ovate. 

Male terminalia: Side-piece short, rather thick; the style distinctly 
longer; appendicle short and thick; two parabasal spines, no internal 
spine (i.e. side-piece with only two differentiated spines); phallosome 
extends beyond the apical margin of claspette lobe, with four to five 
well developed leaflets, the apical ones being equal to one-half the length 
of the phallosome; claspette lobe short and broad, the outer spines three 
in number, slender and situated very close together; but one marginal 
spine. 

An uncommon species, the larva of which were found 
associated with Stethomyia nimba in a small spring-fed swamp 
on the property of Sr. Fratelli Vita at Piraja, about eight miles 
north of the city of Bahia. More than seventy larvae have 
been found from which twenty adults were reared. Fifteen 
additional females were taken in the locality while using a horse 
as bait. Larvae (from which adults were reared) have also been 
found in a sedge marsh and in a horsetail marsh ( Equisetum ) 
on the property of Dr. Barros Barreto, Pirajd (October). 
Two females were collected on a horse at Recife (October). 

Anopheles (Anopheles) minor Costa Lima. 

Anopheles maculipes of authors (not Theobald). 

Anopheles ( Arrtbalzagta ) minor Costa Lima, Brazil Medica, Anno 43, No. 37, 

p. 1100, 1929. 

This species has long been considered the same as that 
described by Theobald under the name of maculipes, 1903. 
The true maculipes has passed under the name pseudomaculipes 
Peryassd (1908), while the present species received the name 
maculipes by Knab (1913), his identification being based in 
part upon a specimen (presumably the present species) pro- 
ceeding from the State of Rio de Janeiro. Root and Edwards 
have established the synonomy of pseudomaculipes with maculipes 
and recently Costa Lima has described the maculipes of the 
authors as new, under the name of A. minor. 

Dyar (1928) states “There is no tangible difference between 
the female of this species ( maculipes = minor) and apicimacula; 
but until the male of maculipes ( = minor) is known, they 
cannot be considered identical." He figures the terminalia of a 
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specimen which he regarded as possibly “ maculipes How- 
ever, the terminalia of A. minor proves to be quite distinct 
from both apicimacula and 11 maculipes” of Dyar, 1928. 

The type description of A . minor is based on females. We 
have at hand, the larva, pupa, and male which are herein 
described. The larva and male show several peculiar features 
which do not enable one to place them readily in any of the 
groups at present recognized. The form described above as 
A. ( Manguinhosia ) peryassui, agrees in certain respects with 
A. minor. Dr. Root, to whom specimens were sent writes: 
“They {peryassui and minor) undoubtedly represent a transition 
between the ‘Patagiamyia’ group and the more typical ‘Arri- 
balzagias.’ But the transition is so beautifully graded, and 
the two species so decidedly different in adult coloration that 
I doubt if it would be best to try to define them as a separate 
group.” 

Apparently peryassui and allies approach the Patagiamyia 
group, while minor approaches the Arribalzagia group. 

Larva: Antennal hair sub-basal, delicate, with seven long branches; 
inner anterior clypeals approximated with scattered very fine branched 
hairs; outer clypeals with approximately fifty ultimate branches, but 
as a whole stouter than in peryassui; thoracic and abdominal hairs 
similar to those of peryassui, but the lateral hairs of segments four and 
five usually with three branches; in addition, the ventral side of the 
thorax and abdomen clothed with fine hairs (best seen in cast skins, 
see Figure 18); pecten with alternating long and short spines, the 
short ones with marginal setulas which are more apparent than in 
peryassui; eight to ten grappling hairs present. 

Pupa: Trumpet sub-quadrate, without a deeply incised notch; 
paddles distinctly broader than in perya^ui, with a long series of well 
defined teeth at about the middle of the outer margin, apical margin 
with a fringe of fine hairs which extend but a short distance on the inner 
margin; apical spine of eighth abdominal segment simple. 

Female: Rather small dark species with shorter and more abundantly 
white-marked legs than in peryassui. Palpi with erect black scales, 
with a few white ones at the bases of the fourth and fifth joints, apex 
of the fifth whitish; prothoracic lobes with black scales above, whitish 
ones below; anterior and lateral margins of the mesonotum with a few 
white scales; three upper stemopleurals, and three closely approximated 
mid-stemopleurals ; abdomen without dorsal scales save for the tufts 
at the apical corners of the segments, and scattered white ones on the 
eighth; the cerci densely clothed with white scales above and black 
scales, more numerous on the seventh and eighth stemites; all the 
femora and tibiae with numerous yellowish white spots; the pale rings of 
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the fore tarsi distinctly larger than on the mid tarsi, but otherwise the 
markings are similar, the joints having both basal and apical yellowish 
white rings, basal only on the fifth, the basitarsus in addition has numer- 
ous white spots; hind tarsi with the basitarsis speckled with white on 
the lower surface and with a white apical band, segments two, three 
and four with apical rings, the fifth entirely black. Costa with nine 
or ten black spots, and nine or ten white spots; third vein chiefly black 
scaled, white scales forming three of four small spots; sixth vein with 
five or six black spots. Outstanding scales on the fourth vein with 
truncate tips. Halteres with the upper surface entirely white-scaled 
(similar to typical A rribalzagia) the lower surface black. 

Male terminalia: Ninth tergite well sclerotized with a pair of slender 
lobe-like processes; anal lobe entirely membranous; side-pieces thick, a 
little less than twice as long, as wide and a little shorter than the style; 
appendicle shorter than the width of the style; both parabasal spines 
ending in a sharp curved point; internal spine undifferentiated; claspette 
but little wider than high, with a deep median incision, forming a pair 
of ventral lobes each of which possesses two slender spines and the 
modified spines, which are coalesced into a stout club; phallosome 
with a well developed pair of apical leaflets, nearly equal in length to 
the club, and a variable number of much smaller leaflets, four to eight 
in number. 

A. minor possesses the following more obvious characters 
which differentiate it from peryassui, its nearest known relative: 
The hairy larval skin (ventral surface), the sub-quadrate shape 
of the pupal trumpets and lack of a deep incision; stronger 
developed teeth and restricted fringe of fine hairs on the inner 
margin of the paddles; more extensively dark scaled wings 
and intensively spotted femora and tibiae; upper surface of 
halteres white scaled; male terminalia with claspette lobe 
narrower and with the modified spines forming a distinct club. 

The hairy condition of the larva is of rare occurrence in 
Culicid larvae. Other known American species possessing this 
feature are those belonging to the genus Chagasia, and Aedes 
scapularis Rondani. 

The writers have found the larvae to date in only one locality. 
Here, in a certain fairly swift-flowing stream, they have at 
times been obtained in great abundance along the margins 
and in places where the water has been partially dammed by 
drift debris. They were also found commonly in rock pools 
in the stream beds, where the rocks form a series of small water 
falls, but were very rarely found in temporary rainpools. There 
have been taken a total of approximately 2,000 larvae collected 
on several occasions during the months of January to June 
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1929. During the months of May and June (early winter) 
the larvae were very scarce. About 300 adults have been reared. 
The females were also collected in numbers by using horses as 
bait. In addition, one female was collected on the laboratory 
grounds, in the city of Bahia, October, 1929. 

The above-mentioned stream is located at Pirajd upon the 
property of Dr. Luiz C. A. de Barros Barreto, to whom we are 
indebted for the opportunity of making investigations there. 
Also, we are indebted to him for our first specimens of this 
species, collected at his instigation by the entomologist of the 
Saude Publica of Bahia, Dr. Jose Serafim. 

Anopheles (Arribalzagia) intermedius Peryassu, 1908. 

A series of thirty females of this species were obtained on a 
horse at Piraj& (B. B.) Bahia during December, 1928. Later, 
on two different occasions, February and April, 1929, 18 larvae 
were collected, from which four males were reared. The 
terminalia of these agree exactly with those of a specimen from 
Mag6, Brazil (collection of N. C. Davis). On October 12 and 
13, four additional females were collected on a horse at Piraja. 

Anopheles (Arriba lzagia) mediopunctatus Theobald, 1903. 

Three females were captured on a horse December 27, 1928, 
at Pirajd (Barros Barreto), and on October 12 and 13, 1929, 
nine additional females were obtained on a horse in the same 
locality. 


Anopheles (Kerteszia) cruzii Dyar and Knab, 1908. 

This is a comparatively rare secies in the vicinity of the 
city of Bahia. Dr. Serafim collected larvae from bromelias near 
the town of Muricura, about twenty miles north of Bahia. 
Later, additional material was obtained by the writers from the 
same locality. 

ANOPHELINES OF THE NYSSORHYNCHUS GROUP. 

Four species of this group are at hand. The foregoing 
species were found only outside of the city limits of Sao Salvador, 
but, in the case of the* species of the Nyssorhynchus group, 
although they have likewise been found outside of the city, 
most of our collections have been made within the city limits. 
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More or less rural conditions prevail in various parts of the 
city, such as valleys with streams, small marshy areas and 
ponds, springs, wells, etc., some of which afford good larval 
habitats. A. argyritarsis is more semi-domesticated than the 
other species, its larvae being found not infrequently in artificial 
containers and adults have been found in houses on a number 
of occasions. 

Anopheles (Nyssorhynchus) bachmanni Petrocchi. 

Larvae of this species have been found on two occasions, 
both times within the city limits : Distrito dos Mares (August 28, 
1929) and Distrito do Torord (November 4, 1929), N. Cer- 
queria, collector. This species has also been collected by the 
writers in Recife, Pernambuco, September and October, 1929. 

Anopheles (Nyssorhynchus) tarsimaculatus Goeldi, 1906. 

Larvae of this species have been found, sometimes in large 
numbers, in the streams in and about the city of Bahia. During 
early winter (June 14) about 300 larvae were obtained from a 
pond which at the same time yielded only a few argyritarsis. 
Also on other occasions when collections were made during the 
winter, larvae of this species out-numbered the larvae obtained 
of albitarsis and argyritarsis. Specimens have been found in 
Recife, Pernambuco, in September and October, 1929. 

Anopheles (Nyssorhynchus) albitarsis L. A., 1878. 

Next to argyritarsis, this is the most prevalent and abundant 
species during the warmer seasons in the vicinity of the city. 
The larvae are usually found in ponds, and temporary pools. 
On one occasion a female was ea^tured in a house in the 
center of the city of Bahia. May 27, 1929. 

Superficially, the adult greatly resembles argyritarsis and 
its resemblance to darliHgi is even greater. As these species 
are somewhat variable as regards coloration, .it becomes a 
difficult matter to identify worn females. Howeter, albitarsis 
possesses a well defined characteristic (hitherto unrecorded) 
not present in any other American Anopheline, at least of the 
subgenus Nyssorhynchus, and may be detected regardless of 
the condition of the specimen, providing the base of the abdomen 
is intact. This character consists of two longitudinal and 
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parallel lines of white scales on the first abdominal stemite. 
If the specimen is badly shriveled, this character is difficult 
to see, but a caustic preparation under the microscope reveals 
both the scales and their scars. A. argyriiarsis , and the other 
species of Nyssorhynchus , have this stemite bare save for the 
extremely short and fine pubescence. Also collected in Recife, 
Pernambuco, September and October, 1929. 

Anopheles (Nyssorhynchus) albitarsis, 
variety brasilensis Chagas, 1907. 

To date authenticated specimens have been recorded only 
from the type locality, the valley of the Rio das Velhas, near 
Lassance in the State of Minas Geraes. 

Larvae, from which adult males and females were reared, 
were collected in the spring waters at the head of the spring-fed 
swamp in PirajA (Fratelli Vita) March 1, 1929. On March 
20 ten females were collected in the same locality on a horse 
used as animal bait. The specimens agree well with the 
description of the variety as given by Root (1926) except that 
the terminal hair of the paddle is straight and not bent, as 
recorded by Root. It agrees with typical albitarsis in possessing 
the two parallel lines of scales on the first stemite. Larvae 
were later obtained at Piraja (Barros Barreto) associated with 
larvae of A. peryassui and tarsimaculatus. 

Anopheles (Nyssorhynchus) argyritarsis R. D., 1827. 

In Bahia this species is semi-domestic both in the larval and 
adult stages. During the warmer season, the larvae probably 
can be found in all of the stream*, springs, and ponds in and 
around the city, and rather frequently have been found in 
cisterns and smaller artificial containers, flower-pots, basins, etc. 
On several occasions females have been found in the houses 
located on the outskirts of the city. 

Specimens also at hand from Recife, Pernambuco. 

One or more of the following species may eventually be 
found in the coastal lowlands in the vicinity of the city of 
Bahia: darlingi , maculipes , and eiseni. 
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SUMMARY. 

Twelve species of the Anophelini are now known from the 
State of Bahia, ten of which are here recorded from the capital 
(Sao Salvador or Bahia) and the immediate environs. Three 
additional species are listed which may eventually be found in 
the locality. 

Three of the species, Stethomyia nimba Theo., Anopheles 
minor Costa Lima, and the third which is here recorded tenta- 
tively as Anopheles (A. Manguinhosia ) peryassui D. and K. 
have hitherto been more or less unknown in the larval, pupal, 
and male stages and are therefore described in detail. 

S. nimba differs so strikingly from the other known Ano- 
phelines in the structure of the phallosome and other male and 
larval characteristics that it is here accorded generic rank. 
It is shown it has no close relations with the other American 
Anophelines but apparently possesses rather close relations with 
certain Australian and Malayan Anophelines ; therefore, it possi- 
bly represents an isolated form of a group which had its center 
of distribution in a former Antarctic continent. 
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EXPLANATION Of PLATES. 

All drawings mads with the aid of the camera iudda. 

Plate I. 

Pig* 1* Larva of Stethomyia nimba , with an enlargement of One of the filamentous 
palmate hairs and at the pec ten. 

Plate II. 

Pig* 2* Pupa of Stethomyia nimba, with the cephalo- thorax opened along the 
median dorsal fine. 

Plate III. 

Pig. 3. Mental plate, larva of S. nimba. 

Pig* 4. Maxilla, larva of S. nimba . 

Pig. 6. Mandible, larva of S. nimba. 

Pig. 6. Respiratory apparatus, larva of S. nimba. 

Pig. 7 . Segmented hair of respiratory apparatus enlarged, larva of S. nimba . 

Pig. 8. Ninth tergite and anal lobe of male of S. nimba , flattened condition. 

Pig. 9. Dorsal aspect of apex of phallosome of A. punctipennis , showing the 
leaflets attached to transparent structure, (the 4»some?). 

Pig. 9a. The same, but from an end-on view. 

Pig. 10. Terminalia of S. nimba , female. 


Plate IV, 

Pig. 11. Terminalia, S. nimba. 

Pig. 12. Claspette and phallosome, end-on flattened view, S. nimba. 

Pig. 13. Same, dorsal view. 

Fig. 14. Phallosome, ventral view, S. nimba . 

Fig 15. Terminalia, A. peryassui. 

Pig. 16. Terminalia, A . minor. 

Plate V. 

Fig. 17. Larva of A . peryassui with enlargement of clypeal and palmate hair and 
, pec ten. 

Plate VI. 

Pig. 18. Section of the thorax of the larval skin of A . minor , showing distribution 
of the minute hairs on the ventral surface 
Fig, 18a. Outer clypeal hair of the larva of A . minor , 

Pig. 19. Pupal trumpet of A . peryassui. 

Pig. 20. Abdomen of the pupa of A . peryassui. 

Pag. 21. Pupal trumpet of A. minor. * * 

Pig. 22. Terminal abdominal segments of the pupa of A. minor* 

Plats Vlf. 


Fig. 23. Side view of the thonut of S. nimba. The* malt drqlee indicate the 
location of the pleural seta,. 

H®* 9§. The same of A . peryassui. 

Fig* 25. Distribution of the dark scale mwm on the Wing Cff A « metier. 
fig. fe.. Enlargement of the base of the fourth wiogvgia, showing the form of the 
scales. 


26. Distribution of the dark scale areas on the Whig of A. peryassui. 

Fig, 96a. Enlargement pf the scales on the baseof the fourth vem, A . peryassui , 
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Anophelim of Brazil 
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Anophelini of Brazil 
Shannon and Davis 
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ONOMY OF INSECTS.* 

Mickel, 

innesota. 


Vmerica may be said to have had 
Say, who published his first paper 
f the Academy of Natural Science 
of Several New Species of North 
r may be looked upon as the 
ica, there is at least one earlier 
ontribution to taxonomy, that of 
le of the Insects of Pennsylvania.” 
ributing much of scientific value, 
hdpoj^t since it represents one of 
merican insect fauna. It is said 
hed in America, of a Coleopterous 
ttempt in the realm of taxonomy 
i Entomology,” the purpose of 
nd species of the insects of the 
rings. ” The work advanced 
colored plates, and was then 
. before the publication of the 
third volume and after the latter was published the work was dis*i 
continued either because of the difficulty in conferring with him, or 
because of lack of public patj^nage, or perhaps both. Judged by its 

_ .ffttthUshed with the approval erf the Director an Paper 211 erf the Miscellaneous 
&fti$r<rf the University of Minnesota Experiment Station. 
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E urpose and contents Say’s “American Entomology/’ compares very 
ivorably with similar works published in other countries’at that perioii. 
Contributions to the science of entomology were not numerous in the 
United States prior to 1860. Some of the earlier Workers contempo- 
raneous with Say were Thaddeus William Harris, John Eatton LeConte 
and Titian R. Peale, while during the latter part of ^he period John L. 
LeConte, S. S. Haldeman and F. E. Melsheimer vere makin g con- 
tributions. \ . 

Taxonomic work on a productive scale did not begin in America until 
after the Civil War. From 1864 until the present time there has been a 
steady increase in the contributions by Americans to this branch of 
entomology. This growth in quantity of contributions bJ'NAmerican 
workers can be readily demonstrated by a study of the entries in the 
Zoological Record at ten-year intervals. The first volume of the 
Zoological Record contains a list of the entomological publications fory 
the year 1864. Since the majority of the papers listed in the Record are 
of a taxonomic nature, it seems fair to use it for the puipose of calculating 
the growth in America of taxonomic literature in the field of entomology. 
In 1864 the number of papers listed on entomological subjects was 323. 
Of these 36, or 11 per cent, were produced in the United States or 
Canada. The figures for 1870 and ten year intervals thereafter are as 
follows: 


Total Number Number Per Cent 
Papers on Produced in Produced in 
Year Entomology America America 

1864 323 36 11 

1870 438 31 7 

1880 378 49 13 

1890 927 "• '137 14 7 

1900 , 1,431 234 16.3 

1010 3,232 632 19.5 

1020 1,932 470 24.3 

1027 2,923 712 24.3 


Thus from the viewpoint of quantity American workers have pro- 
duced almost one-fourth of the literature listed in the Zoological Record 
in recent years and it seems reasonable to assume that this proportion 
probably holds in the limited field of taxonomy. The proportions 
which various continental regions of the world contributed to entomo- 
logical literature in 1927 are as follows: A total of 2,923 papers are 
listed; of these, 1,897 or 64.8 per cent had their origin in Europe; 712 or 
24.3 per cent were produced in the United States and Canada; 143 or 4.8 
percent came from Asia; 80 or 2.7 per cent originated in Australia; 70 or 
2.4 per cent were written by South American workers; and 21 or .7 
of one per cent came from Africa. From a purely quantitative stand- 
point, then it appears that the workers in United States and Canada 
can contemplate their record in the field of taxonomy with some degree 
of satisfaction, since in approximately one hundred yearn their pro- 
ductivity has increased from nothing at all, to almost twenty-five per 
cent of the world's literature oh the subject. It should be borne in 
piind that this has come about during a period when a large proportion 
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of the workers in Europe were engaged in taxonomic studies while in 
America a g*eat number of workers have been engaged partially or 
entirely in developing the field of economic entomology. 

From a qualitative standpoint contributions to entomological tax- 
onomy can be classified according to type. So we have Catalogues; 
Nomenclatorial works; Codes of nomenclature; Local geographical 
lists; Descriptions of species; Synopses of groups of insects; Taxonomy 
of immature stages of insects; Monographic treatments of genera and 
higher groups; Discussions of classification and phytogeny; and Formula- 
tion of principles. 

Most of the catalogues that have been produced in this country have 
had to do almost exclusively with North American insects. Some of the 
larger and more inclusive ones are Henshaw’s check list of North 
American Coleoptera, and the more recent Coleoptera check list by 
C, W. Leng; the catalogues of Lepidoptera by H. G. Dyar, and by 
Barnes and McDunnough; Aldrich’s catalogue of North American 
Diptera; the catalogue of Odonata by Muttkowski; that of the Coccidae 
by Mrs. Femald; and the catalogue of Hemiptera by Van Duzee. 
Recently a general catalogue of the Hemiptera of the world has been 
undertaken, sponsored by Smith College. America’s contribution 
to that great work, 44 Genera Insectorum, ’ should also be mentioned 
here. To date some 189 fascicles have been published, 19, or 10 per 
cent of them by American workers, namely, Alexander, Brues, Caudell, 
Johannsen, Kellogg, Melander, Pierce, Quaintance and Rehn. 

The outstanding American contribution in the nomenclatorial field 
is Scudder’s “Nomenclator Zoologicus. ” Although this work covers 
the whole field of zoology, entomologists may pioperly regard it as 
originating iirtheir field, since it was written by an eminent entomologist. 

American entomologists are, of course, guided by the International 
Code of Nomenclature in solving their problems relative to scientific 
names, and yet there are cases which often arise that are not specifically 
covered by the International Rules. To fill the need in such cases 
America has contributed an Entomological Code of Nomenclature com- 
piled by Nathan Banbs and A. N. Candell, which represents the usage 
and customs of a large number of entomologists for the time it was 
written. While this code does not hav& the authority of the Inter- 
national Rules, yet. it is a distinct contribution in this particular 
field and many an entomologist has found it useful in working out his 
nomenclatorial problems. 

It is probable that the number of local geographical lists of insects 
which have been published in this country would mount to a large figure, 
but two such lists stand out as the most comprehensive which this 
country has produced. These are the “Insects of New Jersey,” and 
44 A List of the Insects of New York. ” ► 

It is evident to anyone acquainted with entomological literature 
that the great bulk of such literature is made up of descriptions of 
species. This is true of our !American contributions as well a§ of those 
from other parts of the world, and is necessarily so, since so large a 
portion of the insect fauna of the world still remains to be described. 
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A large proportion of the taxonomic papers which have been produced 
in this country will be found to consist entirely of descriptions of new 
species and nothing more. To single out certain of these papers and 
credit them with being important contributions is an impossible task, 
and I shall not attempt it, since we are not even at an agreement among 
ourselves as to what kind of a description is the best. 

In the field of taxonomy, works which attempt a synopsis of large 
groups of insects are often indispensable. Some of the more important 
worn of this type are Williston’s “ North American Diptera, ” Holland’s 
“Butterfly Book” and “Moth Book,” Howard’s "Insect Book,” 
Kellogg’s “American Insects,” and Essig’s “Insects of Western North 
America. ” Every entomologist has had and will have occasion to refer 
to all of these works, and they fill an important place in the realm of 
taxonomy. 

One of the phases of taxonomy with which many entomologists are 
not as familiar as they should be and to which America has made a 
distinct contribution is the classification and study of the immature 
stages of insects with complete metamorphosis. Some of the most 
notable contributions of this type are Fracker’s “Classification of 
Lepidopterous Larvae,” Mosher’s “Classification of Lepidoptera based 
on the Pupa, ” Malloch’s “Classification of the Diptera based on Larval 
and Pupal Characters,” Yuasa’s "Classification of the Larvae of the 
Tenthredinoidea, ” and Craighead’s study on “North American 
Cerambycid Larvae. ’ ’ There is still ample opportunity for contributions 
in this field and the need for work of this kind becomes more and more 
pressing with every new development in the field of economic 
entomology. 

American workers have produced a great number of monographic 
works treating of genera or higher groups for North America north of 
Mexico or for even more limited geographical areas on the North 
American continent Time does not permit a review of all the good 
entomological monographs on North American insects, nor is it possible 
to scan all such contributions and judge of their scientific worth. In 
most cases it is necessary to have a working knowledge of a genus or 
higher group in order to be competent to judge the scientific value of any 
contribution concerning that group, and it is therefore impossible for a 
single person to select and mention all the important contributions of 
this type. From the standpoint of comprehensiveness and general 
usefulness, however, there are a number of works that might be men- 
tioned. Some of these are: the “Mosquitoes of North and Central 
America and the West Indies, ” by Howard, Dyar and Knab; Edward’s 
“Butterflies of North America;” “Monographs of North American 
Diptera,” by Osten Sacken; LeConte and Horn’s “Classification of the 
Coleoptera of North America, ” and "Rhynchophora of America North 
of Mexico;” “Butterflies of Eastern United States and Canada," by 
Scudder; Blatchley’s “Orthoptera of Northeast America,” “Coleoptera 
of Indiana” and “Heteroptera of Eastern North America;” the “Ple- 
coptera of North America,” by Needham and Claasen; “Handbook of 
Dragonflies of North America, ” by Needham and Heywood; Hagen's 
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44 Synopsis of the Neuroptera of North America, ” and the series of works 
published by the Connecticut Geological and Natural History Survey, 
“Orthoptera of Connecticut/' “Hymenoptera of Connecticut," 
“Hemiptera of Connecticut" and “Odonata of Connecticut." Any 
entomological taxonomist will no doubt call to mind at once contribu- 
tions in his own particular field that seem to him as important, qr 
perhaps more important, than the ones mentioned, and he may perhaps 
judge the ones with which he is familiar to be of greater scientific worth 
than those just enumerated, but judged from the standpoint of usefulness 
to entomologists as a whole, most taxonomists will agree that these are 
at least some of the important contributions which Americans have 
made in this field. 

In the field of classification and phylogeny we find that Americans 
have also been active. The systems of classification in use at the 
present time for at least three large orders of insects have originated 
in this country. One of the first to make a contribution was John 
L. LeConte, who proposed a system for the classification of the 
Coleoptera in 1861, and completed it in collaboration with Horn in 1883. 
This system has been almost universally used in this country, although 
encountering some criticism abroad. In 1920 LeConte's system was 
modified by Leng and the classification of this order used by the latter 
in his catalogue of North American Coleoptera is the one now met with 
in current literature. Again, the classification of the Hymenoptera 
now in use in many parts of the world was proposed by Ashmead in 
1899. Ashmead also made a number of contributions regarding the 
classification of the various superfamilies of the Hymenoptera. Many 
criticisms have been directed against Ashmead’s work, and it must be 
admitted that in many ways it does not exhibit the scientific accuracy 
that one might expect, nevertheless, the classification he proposed has 
been adopted in its general outlines and stands as a distinct contribution 
to the classification of this order of insects. The division of the 
Lepidoptera into two suborders, Jugataa and Frenatae, dates from 
Comstock's work on wing venation in 1893, and since that time several 
other American Lepidopterists have contributed to the classification 
within the order. Mention should also.be made of Crampton’s papers 
on the phylogeny of the orders of insects. Crampton’s work is of course 
based on morphology, but its application lies in the field of taxonomy. 
The system of classification of the insects in use at present is that 
proposed by Brauer in 1885 and modified by various workers since it 
was first proposed. While Crampton’s ideas have not been adopted by 
the author of any recent textbook on the insects, yet they represent 
a contribution to this field which cannot be ignored by any future 
student of the phylogeny of the insects. 

Taxonomic workers in both Europe and America have been' so 
engrossed for the last century in describing, classifying and analyzing 
their material that there ha^been very little attempt during that period 
to formulate the principles on which their science is based. It has 
remained for America to contribute the first work which attempts to 
set forth the principles governing the science of systematic entomology. 
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This has been done by G. F. Ferris in his recent text, “Principles of 
Systematic Entomology. ” It is a curious fact that although taxonomy 
was one of the first phases of entomology to be developed in Europe, 
the first attempt at a formal statement of principles of entomological 
taxonomy has been made in America. On the other hand, economic 
entomology has had its greatest development in America, and yet it 
has happened that the first formal statement of principles of that 
bianch of the science originated in Europe. I refer to Wardle and 
Buckle's “Principles of Economic Entomology. " 

All taxonomists as well as workers in other branches of Entomology 
have to make a beginning in the field. To furnish a guide to the 
beginner and often to the professional entomologist as well, America 
has produced several textbooks which are fundamentally taxonomical 
in nature and which compare favorably with those that have been pro- 
duced elsewhere in the world. The first important American textbook 
of this kind was Packard's “Guide to the Study of Insects." Later 
came Comstock’s “Manual for the Study of Insects," which has been 
superseded by the same author’s "Introduction to Entomology." 
These are contributions in which any American may take pride, and 
while they may not be looked upon as taxonomic contributions in the 
technical sense, they have certainly contributed an important part in 
developing an interest, and in training workers in systematic entomology. 

To summarize briefly, entomological taxonomy in America has 
grown in quantity during a period of one hundred and ten years from 
a stage when practically none of the taxonomic literature of the world 
was produced in this country, to a point where almost twenty-five per 
cent of the contributions originate here. From a qualitative standpoint 
American workers have made important contributions to all types of 
taxonomic investigation. Their contributions have varied with regard 
to their scientific worth, some of doubtful value, some of very high 
value, and all intergrades between, but a large number of their con- 
tributions have been recognized and will continue to be looked upon as 
having attained a high standard of perfection. It is probable that the 
percentage of taxonomic papers in America which have attained a 
high standard of scientific worth is about the same as for any other 
geographical group which one, might select. Surveying the field of 
entomological taxonomy as a whole and considering its broadest aspects, 
America’s most significant contribution, however, is not to be found in 
the work of any one individual, or in any particular type of taxonomic 
endeavor. With the possible exception of Europe no other great land 
mass of the world such as the United States and Canada has been so 
intensively studied and explored with regard $o its insect fauna. Our 
detailed knowledge of the insect fauna of other continental regions of 
the world is far behind that of Europe and North America north of 
Mexico. By far the greater part of the study and exploration of the 
insect fauna of* the United States and Canada has taken place during 
the last century and it is a distinct and significant contribution to our 
taxonomic knowledge of the vinsects of the world. Much still remains 
to* be done and the success of the last century should stimulate us to still 
greater and better researches in the field of taxonomy. 
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CONTRIBUTIONS TO BIOLOGY OF INSECTS. 

Dwight M. DeLong, 

Ohio State University. 

Biology, Ecology, and Physiology have been placed under separate 
headings in this symposium and are being treated in different papers. 
Biology, however, can be discussed intelligently only in terms of these 
other subjects. For at least a half century we have been making 
detailed life history and biologic studies of a host of interesting and 
important species of insects. These studies, in reality, have been more 
or less complete observations of a succession or series of reactions to a 
variety or complex of internal and external stimuli. Hibernation is a 
response to atmospheric stimuli, directly and indirectly. The insects 
activities in the spring usually begin by responses to the same types of 
stimuli and the insect comes from hibernation. The flight to the food 
plant is a specific response. Mating, egg laying, hatching of the egg, 
feeding, growth, pupation, emergence, and every portion of the biologic 
record is a reaction to a stimulus, chemical or physical. These are the 
phenomena we observe in biologic work yet none of these data can be 
obtained without certain ecologic conditions and physiologic processes. 
If factors cause certain stimuli to vary or alter the complex, the biology 
is changed. 

The importance of the physiologic is in connection with metabolism. 
The environment alters metabolic rate and the biology is normally an 
activity index and transposition of metabolic rate. Therefore biology 
and metabolic rate are not only inseparable, but are different means of 
expressing the same process. Rate of respiration, quantity and quality 
of food, oxidation and consequently growth and activity are funda- 
mentals of biologic study. 

In the more important contributions of our biologic work the investi- 
gator has made a record of such insect activities in relation to the con- 
ditions in which it naturally occurs and lias attempted so far as possible 
to measure or explain conditions associated with or determining these 
activities. 

As a rule temperature and humidity conditions are recorded as a 
portion of the life history data. Occasionally measurements of light 
are given to explain certain phases of the life cycle, such as migration — 
although very little is known about light in its relation to biology. 
On the other hand, the plant and its processes during growth as factors 
in insect biology have received a minimum of attention and have been 
touched upon only in recent work. Even so, the plant factor is appar- 
ently the controlling stimulus in some cases and more important directly 
than the combined atmospheric stimuli, except as they affect the plant. 
Chemical and physiologic changes or processes in the plant may thus 
determine the hatching of the egg or the number of generations of the 
insect. Taking one of the leafhoppers as a specific example, we observe 
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an insect which lays its eggs in the twigs of a deciduous tree. This tree 
produces a flush of growth in early spring and remains without producing 
further visible growth throughout the summer. The insect has a single 
generation which occurs in connection with this flush of growth and lays 
eggs shortly after the adult stage is reached in late June and early July. 
Tlie adults then disappear and are not seen on this plant until the next 
spring when they again occur in great swarms. Although almost every 
degree of high summer temperature and humidity are reached during July, 
August, September and October in this latitude of 39 degrees, these eggs 
do not hatch until the plant grows again. A two or more generation 
condition apparently exists on other deciduous host plants which grow 
gradually over a longer period, if we may judge from the fact that 
immature forms occur upon them all summer. It is apparent from 
these observations that an internal plant stimulus associated with 
growth is necessary in this case for the hatching of the egg; and 
temperature and humidity are of no consequence without the plant 
factor. 

In plants from day to day sugar content, osmotic pressure, rate of 
transpiration, and as a result cell structure, tissue differentiation or 
cuticular conditions change remarkably. The biology of the insect 
seems to be definitely associated with these changes, certain combina- 
tions being favorable and certain unfavorable to the establishment or 
maintenance of insect populations. Insect migrations for instance are 
apparently caused by these changing plant factors. 

Alternation of Food Plants. 

In connection with the life history the studies of the alternations 
of food plants have been interesting and important contributions It 
is a well known fact that many insects like the aphids have definite food 
plants between which they alternate during their life cycle. These 
plants are usually not related botanically and the factors of attraction 
have been an interesting query. Most of these insects have a definite 
correlation between the plant process and their period of migration so 
that migration usually occurs within definite and limited periods. 
The aphids on the apple, for instance, seem to migrate at specific times. 
Observations over a period of years have shown that the migration of the 
apple grain aphis is correlated with the petal fall condition, while the 
migration of the rosy apple aphis occurs later, when the fruit is approx- 
imately one-half inch in diameter. The potato leaf hopper, although 
out of hibernation and feeding upon bean plants soon after these are 
out of the ground, does not go to potatoes until three or four weeks 
after they are above ground, although they normally appear before the 
bean plants. Some of the most detailed and observant work in America 
has been in connection with the life history and incidentally the location 
of the alternate food plant of certain of these insects. 
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Metamorphosis. 

From a biologic point. of view metamorphosis is a very important 
factor in the life of tne insect and has given opportunity for remarkable 
variation in the biology throughout the groups, and complications in 
various stages of the life cycle of the individual. 

The immature forms of insects with gradual and incomplete meta- 
morphosis are usually well fitted for an environment in which they are 
capable of finding their own food and providing for their own protection. 
As a rule the environmental condition is only slightly changed in the 
adult stage, where the. wings are used to advantage in carrying the insect 
to a little wider range of this condition, but not as a rule a new 
environment. 

Insects with complete metamorphosis present a somewhat different 
picture and vary greatly in the larval condition. Many of them as 
found in the Coleoptera are not only able to seek their own food, but are 
provided with structures by which they can overcome other powerful 
insects. In the case of many Diptera, the eggs must be placed in con- 
nection with decomposing organic matter or the larvae die. The insect 
larva in other cases, like certain Hymenoptera, becomes absolutely 
dependent upon the food supply stored in a cell with the egg and 
furnished in the form of pollen cakes or paralized insects and spiders. 
In the extreme case which we find in social insects, the larva must be 
cared for each day by insect nurses, which supply fresh food and other 
daily necessities. The dependence upon a food supply and upon other 
insects becomes greater and greater in specialized forms of complete 
metamorphosis, which fact is greatly significant biologically. 

The great mass of biological data which has been obtained has shown 
us another significant fact. It is that as metamorphosis becomes more 
complete, the larval and adult stage become more diverse, not only in 
structure, as great as that may be, but also in habits and frequent 
adaptations to entirely different environments with different types of 
food and feeding habits. Illustrations might be taken from several 
groups to show this, but certainly typical examples are the predaceous 
syrphid fly larva and its flower feeding adult stage on the one hand and 
the hymenopterous larva feeding on paralized larvae, aphids or spiders 
with its blossom feeding adult on the other hand. 

Hypermetamorphosis shows still another condition where during 
the life of the individual larva it may pass through different forms and 
different environmental conditions. 

Life Cycle Variations in Relation to Environment. 

Biological studies have further revealed that there is the greatest of 
variation in life cycles among insects, even those in some cases which 
are very closely related. The stored products insects might be cited as 
examples of those which ar* probably most uniform in type of life cycle 
if considered in the light of their comparatively simple environmental 
factors. Plant factors and many similar conditions are eliminated 
almost entirely in biologic studies of these types of insects. On the 



516 


Annals Entomological Society of America [Vol. XXIII, 


other hand, we find many complicated life histories which must fit into 
definite growing or fruiting periods of plant life or in limited periods of 
time. The food for the growth period may be available or in condition 
at only one or two short periods of time during the season, and if the 
larva cannot complete development within this time the species will not 
survive. This condition is found in the case of the oriental fruit moth 
on the peach tree. Here only the new tender twigs are favorable for 
establishment and if the fruit crop does not set the insect is forced to 
other food plants or starvation. Also the larva of the apple flea weevil 
must have tender foliage for its leaf mining stage, and the larval period 
is limited to the early season. It may be necessary that the egg be laid 
at a certain time or within a very limited period, especially if placed in 
plant tissue or a similar changing environment, since the ovipositor 
may not be able to penetrate such tissues after they have matured. 
Many of the Homoptera fall into this class and the life cycle will be 
determined largely by the availability of succulent tissue for feeding and 
oviposition. The termination of the growth period in any specific plant 
will determine the time of egg laying. Migration, pupation, ecdysis or 
some other life process or function may be restricted in the life cycle by a 
similar condition. Such factors usually determine the length and dura- 
tion of the feeding stage, the number of generations within a limited 
time, the time of egg laying and other life processes. 

Adaptations. 

In connection with the life cycle, biological studies have shown 
remarkable adaptations of insects to almost every condition in nature. 
Striking adaptations for respiration, locomotion, feeding, protection 
and almost every other necessary function have been found in aquatic 
insects as well as most types of terrestrial life. In the case of insect 
eggs for instance we find some placed on stalks to prevent their destruc- 
tion by active insects. When the egg is laid in water it is so constructed 
or placed that the egg will be supplied with both air and water, even 
when the water level changes. If the egg is placed in plant tissue, some 
provision occurs which prevents the pressure produced by the growing 
cells of the plant from crushing it. In order to insure the proper con- 
dition the plant stem or twig may be girdled or an incision cut in such 
a way that the growing tissue will expand into this opening thus pre- 
venting pressure on the egg until after it hatches; or growth may be 
inhibited in that portion of the plant where the egg is placed The 
plum curculio egg on fruit is placed in the tissue after this provision is 
made. The tree hopper places parenthesis-like incisions around the 
egg which prevent crushing while the twig girdlers provide not only 
this condition, but also assure the proper medium in which the larva 
may feed. 

All work pertaining to the study of insect biology in relation to the 
formation of insect galls, the appearance of the two sexes normally 
developed in alternations with the parthenogenetic viviparous genera- 
tions, Or the development of winged and wingless generations occurring 
frequently in a single species and these alternating between different 
food plants have been outstanding contributions toward our conception 
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of the biologic complications and adaptations of insects and have 
incidentally furnished some of the most puzzling problems which we 
have attempted to solve. 

Certain of our important insect pests are native and have gone 
from wild to cultivated types of plants. Biological studies of certain 
of these have been valuable contributions in showing us the relat'onship 
of the insect to native vegetation and how the insect has become 
adjusted to artificial cropping. The chinch bug is a good example, in 
which case the Andropogan grass of the prairie furnished the thatch 
roofed abode for hibernation. The distribution of the insect has 
corresponded in general with the distribution of these bunch grasses. 
It has thus survived and remained a pest since the two generation 
cycles fit perfectly into the wheat and com cropping of this area. Many 
similar examples of economic species could be cited to show the same 
results with native insects. 


Habit. 

One of the most interesting and important factors wh‘ch has been 
revealed by biologic study is the place of what we might term “habit” 
in the life of the insect. We commonly speak of this as instinct in 
spite of the fact the psychologist has refused to recognize anything 
as instinctive. But certainly the hatching larva has neither knowledge 
nor conditioned reflex to guide it in performing a certain definite and 
specific type of behavior. The codling moth, for instance, upon hatch- 
ing, will crawl to the calyx of the apple and many times will travel 
a considerable distance to find it. The oriental fruit moth will refuse 
to ingest the first portions of tissue taken from the surface of the fruit. 
Certain insects, like the Indian meal moth, will migrate long distances 
before pupation. We might go on to mention habits such as leaf- 
rolling, leaf tying and many cases where habit plays an extremely 
important role in the life of the insect. Numerous contributions of 
this type have been added to our knowledge of insect life by biological 
studies. 

A knowledge and understanding .of biology has been almost entirely 
lacking, however, in ecological survey problems. In these studies 
insects have been obtained from a wide variety of habitats and the 
investigator has attempted to associate each of these with a specific 
habitat condition. Frequently the writer has been asked to identify 
a large amount of this material in his special field. An attempt to do so 
revealed the fact that only a small percentage of the species which 
should have been obtained was found or observed in the field by the 
collector, and that those species collected were cosmopolitan and were 
known to exist under widely different habitat conditions in nature. As a 
consequence, such results have been of little or no value in view of*the 
investigators lack of knowledge of insect biology and of insects and their 
habits in nature. The only valuable contributions of this kind have 
been made by those who are specialists on certain groups of insects 
which they have studied in the field and consequently are acquainted 
with biology and habits in these groups which exist in limited and^ 
specific associations. 
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Parasite Studies. 

One of the most important and outstanding contributions which 
has been made, is the enormous amount of biologic and life history 
studies, completed or in progress, of parasites of economic insects. 
If we ever succeed in the establishment of a biologic balance in nature 
the parasites of insects will be a primary factor. The results that have 
been obtained have laid the basis for this work. Through these studies 
we have learned what we know about parasite and host relationships in 
such problems as host selection or preference, and alternation of hosts, 
hyperparasitism, superparasitism, polyembryony, comparative fecundity, 
paedagenesis, and many other parasite problems. 

Some of the most striking and unique examples of adaptation to 
the life history of one or more species of insect host has been dem- 
onstrated by work in this field. The relative rate of reproduction and 
development as compared to the host under varied climatic conditions 
has demonstrated the limitations in certain of these biologic relation- 
ships as well as the opportunities for economic success. Several of these 
parasite life history studies have been so unusual and difficult, especially 
m regard to the tracing out of certain portions of the cycle, where the 
larva must find the host, that the solutions of these problems have 
been outstanding contributions to our knowledge in this field of work. 

Biological studies in America of many types of Diptera and insects in 
other orders have demonstrated the probable origin of parasitism in 
these insects. If we cite the example of the screw-worm fly we find an 
insect which usually spends its entire feeding period on decomposing 
animal tissue of dead organisms. On the other hand, the female is 
frequently attracted to decomposing tissue in wounds of living animals 
for opposition. From this point the insect takes up a parasitic habit 
in living tissue. This seems to be a transitional form between a 
scavenger on the one hand and a parasite on the other. It certainly 
is a real parasite in the making. 

The Insect in its Relation to Other Organisms. 

If we turn to look at the relationship of the insect to bacteria and 
protozoa, especially as these organism^ cause disease in plants and 
animals, we find that biologic study has produced a vast array of con- 
tributions in this field. 

Probably the most unique association which has thus far been 
demonstrated in the case of plants is the example of the cucumber beetle 
and its relationship to cucumber wilt. It has been demonstrated that 
the bacteria which cause cucumber wilt are commonly found in the 
alimentary tract of the cucumber beetle and can pass the winter in this 
way. The most amazing thing, however, is that the bacteria apparently 
do not live through the winter in any other form or manner and that 
the disease is dependent for its survival upon this insect Which hibernates. 
In other investigations insects have been demonstrated to be important 
or sole transmitters of fi re blight, mosaic diseases, airly top of beets 
and other organisms or viruses which cause diseases in plants. Other 
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diseases produced in plants chiefly by sucking insects are apparently 
caused by injecting toxins or other prevention of natural plant processes. 
Such conditions as hopperbum, alfalfa yellows, dwarfing and stunting 
are typical. Also growth in fruits may be inhibited in certain local 
areas by insect punctures or the injection of toxins. 

A great variety of conditions are found when we study the relation- 
ship of the insect to protozoa, bacteria and other parasitic organisms 
in the case of man and other animals. Chief among these problems are 
a group in which the insect is the primary host of the protozoan and man 
or other animals are the secondary hosts. Malaria is a typical example. 
In such problems the protozoa cannot complete their sexual cycle except 
in the body of the insect which apparently is not seriously affected by 
the presence of the protozoan while the disease condition is produced 
in man. 

In some cases the organism apparently has no definite relationship 
as a host, but merely passes through the body without affecting it and 
causes disease in man through fecal infection, especially in wounds. 
Trench fever is a good example of this type. 

In other cases disease organisms are transmitted by the body and 
mouth parts of insects in view of their habits of feeding upon waste 
products of alimentation which contain these and soon afterward 
feeding upon man's food. Or soiled mouthparts may transmit from 
blood stream to blood stream. 

In cases like the Texas cattle fever where the tick is the vector, 
biologic studies have shown a cytoplasmic transmission of the protozoan 
from mother to offspring. The young ticks upon hatching are then 
able to produce the disease in cattle. 

Biological studies of insect parasites of man and animals have also 
shown many different types where the larva spends many weeks or 
months attached to the stomach wall, living upon digested food or 
embedded in muscle or other tissue. All the vital systems of the body 
as well as the external structures are attacked by various of these insect 
parasites. The biological studies have been noteworthy in this field, not 
only because of the contribution to our knowledge of the great array of 
biological complications in these insects,, but also because of their 
relationships to these one-celled organisms and to the vertebrate hosts. 

Heredity. 

Incidentally, rapid and enormous progress has been made in heredity 
through biological studies of insects. The rapid rate of reproduction, 
the short time required for development to maturity, the ease of handling 
and rearing these on artificial media or under artificial conditions, and 
the consequent large numbers of both generations and individuals 
which can be produced in a comparatively short space of time have been 
important factors in the biology of the insect which has rendered it an 
excellent laboratory material or this phase of work. Through this 
medium many important facts concerning the transmission of inherited 
characters and the behavior of genes through varied matings have been 
obtained. 
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Significant data has been accumulated from insect biology upon such 
problems as sex chromosomes and their behavior, linkage and crossing 
over, sex linked inheritance and reverse mutation. From the same 
material important information has been gained concerning the diploid, 
triploid and tetraploid types of chromosomes and their significance. 
Also many additional curious facts or phenomena, such as, the lethal 
effects of homozygous conditions in many dominant mutants, have been 
found to occur in insects. 

Although these data have not been gained directly by the entomol- 
ogist, results have been obtained largely by insect biology work, the 
result of which has been a significant contribution especially since 
important laws have been formulated by means of these data, which laws 
are fundamental in all biology work with plants and animals and 
consequently are fundamental bases for our science and its future 
problems. 

We might cite one instance to show how heredity has affected our 
present day problems. Biological studies have demonstrated very 
definitely that in a number of instances we have closely related insects 
which in nature behave differently biologically, but which are still 
designated by the same scientific and common name. So far as we 
know there are no morphologic structures which will distinguish these 
forms which differ biologically. Color patterns are identical; size, form 
and habits are the same, but we have two apparent biologic species. 
The two strains of European Com Borer which have been introduced 
into America are apparently two such biologic species. They behave 
differently biologically under exactly the same atmospheric conditions 
and when the same food supply is present. The codling moth, the 
trichogramma parasite and many other insects exhibit the same con- 
dition. The taxonomist cannot be blamed for this condition, because 
he has not recognized these as separate forms up to the present time. 
We can place this responsibility, therefore, only upon the laws of heredity 
and variation. Numerous examples of this kind have definitely 
demonstrated that the factors of variation and selection are so closely 
associated with biologic work that we may expect to find biologic strains 
or races arising at any time. 

These studies have also demonstrated that regardless of the 
environmental factors which surround the species, so long as we are 
working with living insects, we may expect to find the gene playing an 
important role in regard to variation or nlutation and as a result natural 
selection. When we attempt to study or formulate the biology of any 
insect these phenomena must be taken into consideration. 
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CONTRIBUTIONS TO MORPHOLOGY OF INSECTS.* 

William P. Hayes, 

University of Illinois. 

Morphology is fundamentally a descriptive science. Our descrip- 
tions by comparison with other species lead to ideas of relationships 
that take us into the theories of evolution. If we are concerned with 
the phylogenetic aspects while attempting to understand homologies, 
we are then browsing in the field of comparative anatomy. It is 
evident, then, that a knowledge of morphology is basic to a knowledge 
of function and physiology, and that a knowledge of phylogeny depends 
upon morphology as well as embryology and paleontology, both of 
which are studied mainly from the structural standpoint. As regards 
taxonomy, except for some feeble attempts to establish physiological 
and ecological species, its dependence on morphology for our systems 
of classification can be summed up in the recent statement of Ferris 
(1928) in which he writes, ‘‘the greater part of our work in systematic 
entomology must be based upon a study of external structures, that is, 
upon morphology. It follows that morphology and systematics are 
essentially synonymous and inseparable. A genuinely scientific system 
demands that every structure which is to be found upon the body of the 
insect be taken into consideration and until that has been done our work 
is to be regarded as incomplete. ” 

Having briefly indicated some of the related fields to which 
morphology may contribute in advancing the study of insects in America, 
let us turn to a consideration of some of the important morphological 
works produced in America. We find, first, that the field is divided into 
gross and microscopic anatomy (histology). In spite of the fact that 
no logical or rational study of morphology can be accomplished without 
due consideration of insect histology, it is apparent that our con- 
tributions to insect histology are lagging far behind the advance being 
made in the study of gross structure. Atf exception may be made to the 
foregoing if we, as we should, give consideration to the progress made 
in insect cytology. Strangely enough, most of the work done in this 
field is carried on by zoologists and others not professing to be ento- 
mologists. By far the greater number of papers in this field deal with 
the subject of spermatogenesis. Notably among the contributions in 
this field are the works of Wilson (1905) in Hemiptera, McClung 
(1900-1908) in Orthoptera, and Hegner (1909) in Chrysomelid beetles. 
Most of our efforts in the study of spermatogenesis have been on 
individual species, such as the work of Charlton (1921) on the spermato- 
genesis of Lepisma dotqestica. Of greater importance are those papers 
involving comparative studies among which are the works of Boring 


♦Contribution No. 143 from the Department of Entomology of the University 
of Illinois, 
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(1907) involving twenty-two species of Membraddae, Cicadellidae, 
Cercopidae and Fulgoridas; Browne (1916), whose work deals with 
six species of Notonecta and Goldsmith’s (1919) comparative study of 
spermatogenesis in Tiger beetles. Another type of cytological con- 
tribution is the study of the somatic cells, among which may be cited 
the works of Marshall (1907-1908) and Marshall and Vorheis (1906) 
dealing with the body cells of the walking stick and a species or 
Trichoptera. The recent papers of Ferris and Chamberlin, (1928), 
Campbell (1929) and Snodgrass (1929) bid fair to revolutionize our 
ideas of the structure of insect cuticula. 

A greatly neglected field is that of insect pathology; little has been 
accomplished in this work, although we can cite the works of such 
writers as Glaser (1915) and others who in studying insect diseases are 
more concerned with the causal organisms than with the pathological 
results induced by invading disease. The general field of insect histology 
has been lightly sprinkled here and there with scattered works describing 
the microscopic features of various tissues and organs. Examples of 
American contributions of this nature are the widely quoted works of 
Hess (1917) on chordotonal organs, Glaser’s (1912) study of oenocytes, 
and Muttkowski’s (1923) recent paper on the structure and composition 
of insect blood. Jordon’s histological studies of insect muscles in 
Mantidae (1919) and Hymenoptera (1920) which are without doubt 
the best works of this nature that have been produced in America, 
and Riley’s (1908) study of the muscle attachment of insects is frequently 
a matter of reference. The study of the nervous system, especially 
from its histological aspects, has been considered by Hilton (1917, et at.) 
and of increasingly greater importance to economic entomology are 
those works dealing with the sensilla of insects, notably among which 
are those of Mclndoo (1914) treating with the olfactory sense. 

Insect embryology has had comparatively few American morpho- 
logical contributions. One of the earliest works on the development 
of insects before hatching is Packard’s (1883)* paper on the embryo- 
logical development of the locust in the third report of the United 
States Entomological Commission. Wheeler’s (1889) works on Blatta 
and Doryphora (Leptinotarsa) are perhaps the most widely quoted, 
while our most extensive work is Nelson’s (1915) treatise on the honey 
bee, which was followed by a detailed anatomical account of the larva, 
(1925). Recently Braur (1925) Has issued a noteworthy paper on the 
four-spotted bean weevil ( Mylobris quadrimaculatus Fab.) and Snodgrass 
(1926) has compiled in his “From an Egg to an Insect, ” a masterful and 
highly readable summary of our present knowledge of insect embryology. 
Polyembryonic development from its morphdlogical aspect has been 
considered by but three American workers: Patterson's (1921) con- 
tributions to the development of PdracopidosomSpsis parasitic on the 
Cabbage looper was followed shortly after by Leiby’s (1922) paper on 
Copidosoma, a polyembryonic Encyrtid developing in the Golden-rod 
gall-maker. Leiby and Hill (1923 and 1925) have jointly considered the 

*Minot (1878) reported preliminary embryologieai studies of the locust in 
the First Report of United States Entomological Commission. 
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development of two polyembryonic species parasitic on the Hessian 
fly. These are the sum total of our work of this nature in America 
and may all be considered as pioneering, fundamental studies. 

Leaving at this point the discussion of contributions pertaining to 
histological and embryological morphology and turning to a considera- 
tion of studies on the gross anatomy of insects, it should be first pointed 
out, that in spite of the fact that? there is scarcely a morphological fact 
but what has some practical application* American morphology has 
suffered from a dearth of adherents. Dr. Joseph Leidy may probably 
be considered our earliest American insect morphologist. In 1846 he 
published an anatomical study of the walking stick; this was followed in 
1847 by two papers on Belostoma, one concerning the mechanism of the 
wings and the other on general anatomy. Recent workers devoting 
most of their efforts to morphological subjects can be counted on the 
fingers of one hand. In fact, but three American investigators stand 
out as pre-eminent morphologists, MacGillivray, Crampton and 
Snodgrass. MacGillivray is best known for his External Insect 
Anatomy (1923) his studies of wing venation of Tenthredinidae (1906) 
and the contributions of his graduate students. His greatest work was 
his attempt to standardize morphological terminology and although he 
has added much to the confusion already existing by the proposal of 
many new terms and the naming of many minute, new structures, it 
has been the only serious attempt to straighten out the chaos which 
has arisen in the past. This effort has attempted to do for all insect 
terminology what the laudable work of Comstock and Needham (1898- 
1899) has done for the standardization of wing venation terminology. 
Furthermore, the works produced by his students have rarely been 
duplicated in America. Among these we find Peterson’s (1916) work 
on the head capsule of Diptera, Stickney’s (1923) head capsule of 
Coleoptera, Hoke’s (1924) studies on the head and mouthparts of 
Plecoptera, (Hanes’ (1922) work of the same nature on the Mecoptera 
and Yuasa’s (1920) treatise on the head of Orthoptera and Euplexoptera. 
The morphological studies of Fracker (1915) on the larvae of Lepidoptera, 
Gage (1920) on larval Coccinellidae and Yuasa (1922) in immature 
Tenthredinoidea were likewise done under MacGillivray’s supervision. 
These are of special value in their taxonqyjnic treatment of the immature 
stages of these orders. 

Crampton’s morphological papers are quoted in almost every modem 
morphological treatise. These, in most instances, are aiming at the 
broader aspects of phylogenetic relationships treated from the stand- 
point of comparative morphology. From his early works on the 
comparative morphology of thoracic sclerites (1909 et al.) down to his 
most recent works, Crampton has admirably striven to advance by 
comparative anatomical studies our knowledge of structural homologies" 
One of his works which I deem most important is his “Suggestions for 
the Standardization of Technical Terms in Entomology,” (1915). 
The morphological works of^Crampton’s students are likewise mention- 
able as worthy morphological additions to our study of insects. 
Bromely’s (1926) recent paper on the anatomy of Tabanus atratus Fab. 
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is an important anatomical study of this family of Diptera. Merrill’s 
(1915) work on Pimpline Hymenoptera and Franklin’s (1912-1913) 
monograph of the Bombidae of the New World contain anatomical 
studies upon which the classification of these groups are based. 

Johannsen and his students at Cornell have added to our whole by 
such contributions as that of Wu (1923) on the anatomy of Nemours, a 
Stone-fly, Lloyd’s (1921) North American Caddis-fly larvae, and Buys’ 
(1924) study of the adipose tissue of insects. Johannsen, himself, while 
primarily a taxonomic specialist in Diptera, has done some good morpho- 
logical work, an example of which is his paper on the histology of the 
eyes of Drosophila (1924) and it is reported that he will soon publish an 
important embryological study of Lepidoptera. 

Comstock’s morphological treatise of insects in his early “Manual” 
(1916) and his more recent “Introduction” (1924) can not be overlooked 
because of their having an important bearing on the trend of anatomical 
study, nor can the laboratory guide of Comstock and Kellogg (1925), 
Elements of Insect Anatomy, be passed over lightly. There is scarcely 
a modem entomologist that does not owe his knowledge of insect 
structure to these works gained from classroom and subsequent use of 
these important source books. 

Without doubt the foremost American morphologist is R. D. Snod- 
grass. For over a quarter of a century his entomological studies have 
been practically entirely devoted to insect structure. Not only is he a 
thorough student of anatomy, but an excellent artist and a pleasing and 
lucid writer. His early work on the anatomy of the Carolina locust 
(1892) is still much used, and his first bulletin on the Anatomy of the 
Honey bee (1910) has recently been converted into a much larger work 
on the Anatomy and Physiology of the Honey bee (1925). This is the 
most comprehensive anatomical work on a single insect done on this 
continent and will rank with such European classics as Straus Durck- 
heim’s (1828) work on the Cockchafer and Lyonnet’s (1762) work on 
Cossus. We are soon to have published by him a general textbook on 
insect structure which if consistent with past performance should excel 
in its field. The works of Snodgrass cannot be passed over without 
mentioning his work on the Apple maggot (1924) which for its detail and 
illustrations is unsurpassed. His recent series of papers in the Smith- 
sonian Reports are the most commendable morphological papers yet 
, published. In these he has brought together a r4suml of the present 
condition of our knowledge in the various fields which he has so far 
discussed. His “ Morphology and Evolution of the Insect Head and if! 
Appendages” (1928) is composed of more than 150 pages with an 
excellent bibliography and contains 57 illustrations. He has treated 
the subject of the insect thorax (1927) in a Similar manner and those of us 
interested in this field look forward to a "similar treatment of the 
abdomfcial structures. Two other summaries* of a similar nature are his 
tteatmtpt of insect embryology and postembryonic development in his 
“FromiEgg to Insect” (1926) and his review of the all-important 
sensory Structures of insects in a paper entitled “The Morphology of 
Insect Sense Organs and the Sensory Nervous System” (1926). Works 
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of this kind are of inestimable value in bringing together and reviewing 
from time to time the present status of our science. We can do no 
better in closing, than quote a statement from the last mentioned 
work of Snodgrass (p. 75) in which he says: “The last twenty-five years 
has seen a vast increase in our knowledge of insect structure in 
general, . . . . but by this very increase of printed information the 
work of assembling and reviewing can scarcely be done except by one 
who has all his time to devote to it. We must note with satisfaction, 
however, the increasing importance being given to morphology by the 
authors of our present general texts on entomology, and it is clear that 
the painstaking work of recent students will give to the subject of insect 
anatomy in the future a higher scientific standing than its adherents 
have heretofore been able justly to claim in its behalf.*’ Finally, it 
should be pointed out that many good morphological works have been 
omitted from consideration herein because of the time limit of this 
symposium. The morphological papers herein considered may not all 
be American masterpieces, but each, in its own way, is an indication 
of the trend in the past toward the development of our knowledge of 
insect morphology. 


CONTRIBUTIONS TO PHYSIOLOGY OF INSECTS. 

Everett P. Phillips, 

Cornell University. 

One who attempts at this time and place to evaluate America’s 
contribution to our knowledge of the biochemistry and biophysics 
involved in insect dynamics is embarrassed by the fact that part of 
the 1926 and all of the 1927 symposia of the Society were devoted to 
similar discussions. The recent excellent summary on insect nutrition 
and metabolism by B. P. U varov also limits the desirability of references 
to specific papers. The greatest embaftassment comes from the vast- 
ness of the suggested subject. Under these circumstances it seems 
desirable to attempt merely a brief discussion of the place which 
physiology holds in American entomology. It may be said parentheti- 
cally that the physiology here discussed is not that based on guessed 
analogies or even on attempted homologies with functions in other 
phyla, which is the greatest source of inaccuracies in our assumed 
knowledge of insect dynamics. To the insect physiologist, an insect is 
something that happens, not merely an interesting bit of architecture 
on a pin. 

Research of all countries gives us a vast store of information $n the 
dynamics of insects, and it fe immaterial where the work is done, except 
for the confusing Babel of tongues. That Americans have hefted in 
this work is shown by a cursory survey of the literature, of which the 
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following are mere suggestions. In respiration, there are important 
papers by Lee, Welch, Cole, Clare, Bodine and Orr, Fink, Northrop, 
Muttkowski and Thorpe; in circulation problems by Gerould, Mutt- 
kowski, Haber, Bishop, Glaser, Hungerford, and Bodine: in blood 
sugars, by Bhimenthal and Bishop; in nutrition and metabolism, by 
Swingle, Baumberger, Chapman, Abbott and Northrop; in the effect 
of colloid-bound water, by Robinson; in the effect of temperature on 
rates of activities, by Shapley and Crozier; in changes due to low 
temperatures, by Bodine and Payne; in chemistry of the entire organism, 
by McHargue, Davis and Rudolfs; in the physiological significance of 
symbionts, by Cleveland, Loeb and Northrop; in pH values, by Swingle 
and Crozier; in toxicity, by Campbell; in vitamins in relation to growth, 
by Richardson; in factors limiting length of life, by Pearl and Parker, 
Northrop and Glaser; in salt requirements, by Loeb. So the American 
list might be prolonged in every phase. 

Uvarov cites 598 papers on insect nutrition and metabolism, not all 
strictly entomological, of which 15 percent are American and lists 425 
authors of whom 14 percent are Americans. In his two symposium 
papers, Welch cited 59 authors of whom 35 are Americans and 77 papers 
of which 46 are of American origin, but from the nature of the occasions 
for these papers citations were restricted. It is absurd to ask or to 
intimate whether the American investigations are more or less extensive, 
or better or worse than those of other countries. Our only concern 
should be whether Americans are doing their share and whether we 
are doing what our own needs in entomological work would dictate. 

Most of the physiological papers by American entomologists have 
come from institutions other than those in which agriculture forms the 
basis of the curriculum, and several universities where non-economic 
entomology is taught have produced excellent work in this field. Of the 
American papers cited by Welch in his two symposium papers', only a 
few eminate from agricultural colleges, and of those listed by Uvarov, 
less than half come from agricultural institutions. 

Many of the most important American papers on insect physiology 
are written by men who make no claim to being entomologists and the 
average entomologist would not admit that they belong to the fraternity. 
A biochemist or physiologist, looking for suitable material for his 
research, goes to whatever branch of thf animal or plant kingdoms will 
furnish him the most suitable species, and it is merely our good fortune 
if he selects an insect. Any discouragement of such work would be 
narrow and highly inadvisable, yet it is probably true that, other things 
being equal, such work would yield results of greater moment to 
entomology as a whole if done by those thoroughly familiar with other 
aspects of entomology. 

While highly important contributions have beejj'made by Americans 
in insect physiology, still American entomology has to a large degree 
ignored physiology, so that it is important to Team the cause or causes 
of this neglect. The chief impetus to the marvelous development of 
American entomology has been the necessity for control measures 
against important pests. In the first urgency, there is neither time nor 
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opportunity for physiological investigations, and for many pests the 
work is still admittedly in an elementary stage. Generally a second 
step is to find parasites, which work, while it is chiefly concerned with 
other biological relationships, implies physiology, but so far rarely 
includes it. The need for additional workers has also led many persons 
to engage in research work in economic entomology whose training and 
experience are such as not to enable them readily to do physiological 
work. There seems in this combination of circumstances to be a set of 
influences which have retarded physiological work on insects. It is 
a favorite pastime of those entomologists who dub their own work 
“pure” to decry the methods of economic entomologists, yet if it is 
remembered that much of this work is just beginning, and if it is recalled 
that some sort of control is immediately needed, another light is placed 
on the situation. It is only to be regretted that in many instances 
available methods of attack are not utilized, and physiology seems to be 
one of the most potent tools at the disposal of the economic worker. 

Probably the worst indictment that can be brought against economic 
entomology is that workers in this field sometimes fail to appreciate 
the fact that the destruction of the insect does not always solve the 
problem which it presents. If the application of spray or dust materials 
results in the killing of pollinating insects in the orchard, if a dangerous 
arsenical residue remains on fruit which it is costly or impossible to 
remove, if it makes the already troublesome problem of marketing 
more difficult, if the application of a control measure upsets that vague 
but very real thing called the balance of nature to a degree which 
endangers the crop sought to be saved or some other crop, or if the 
control measure so seriously upsets social and economic conditions as 
to be more costly to mankind than the pest itself, the solution advocated 
is scarcely a success and is biologically or socially unsound. Such 
faults often arise from basing the efficacy of a control measure merely 
on counts of the number of insects killed or on the reduction in their 
numbers, and this is not sound economic entomology. The tremendously 
complex economic and social problems involved are too often lost to 
view in the belief that the most important thing is to kill the bug. 
In this connection it seems timely to condemn without reservation the 
promiscuous broadcasting of arsenicals' over the countryside, not 
merely because it is a laughable example of the American way of doing 
things in a big way, but because it is biologically rotten to the core. 
Broadcasting happens not to be nature’s way of balancing natural 
forces, and no biological problem can properly be attacked without at 
least mild adherence to natural law. 

While economic entomology is dominant, those particular types of 
work so far undertaken tend to be self-perpetuating and this retards 
the efforts for new lines of attack. Where agriculture is the basis of the 
curriculum, the work in entomology offered, at least to undergraduates, 
must largely be that which fits the student as well as may be to attack 
the practical problems with which he will later be faced. It is natural 
and proper in such institutions that taxonomy, life history studies, 
some ecology and, most vital of all, practical control measures shall be 
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included. Morphology, physiology and the more complex and special- 
ized phases of ecology and taxonomy are almost inevitably subordinated. 
This situation here sketched hastily and with corresponding inaccuracies 
at least gives a plausible excuse for the present neglect of physiology in 
agricultural institutions where the vast majority of graduate students in 
entomology are now found. There is the additional difficulty of the 
type and amount of training considered necessary for physiological 
work, which will be mentioned later. 

Three agricultural institutions which are strong in entomology now 
offer courses in insect physiology and one other has definite plans for 
the inauguration of this work next year. In still another institution 
where physiology is acutely appreciated, advanced students in ento- 
mology are regularly sent to another department for training and 
guidance in physiological research. Most agricultural institutions, 
even some where entomology is strong, have failed to do anything 
in this field, and it is of course obvious that more entomologists are now 
trained as both undergraduates and graduate students in agricultural 
institutions than elsewhere. In practically all cases the inclusion of 
physiology in the entomological work is relatively new, but rapid 
advance is being made in some institutions and more and better work 
is planned and promised for the immediate future. 

Modem physiological work requires extensive training and exper- 
ience. Since the entering graduate student, especially if he comes from 
an agricultural college as most of them do, has rarely had courses as an 
undergraduate which fit him to undertake such work, considerable 
time is usually considered necessary to take special courses which might 
lead to physiological research. If these courses are so arranged that 
they may be cleared off quickly by intensive effort, the delay is not 
serious, but in many institutions where these courses are entirely or 
largely independent of the entomological work and where they are 
offered primarily for students in other fields, they are often arranged as 
courses to be taken in series, so that the requisite time of preparation 
becomes an eliminating factor. On the other hand, many graduate 
students in entomology are unquestionably required to take too many 
courses in entomological subjects to allow them time for suitable prepara- 
tion for physiological work in insects. This is apparently an outstanding 
weakness in graduate work in entomology in several institutions. 
A teacher of graduate students can fill their time with required courses, 
apparently sometimes to keep them busy or to impress them with the 
immensity and complexity of his field, and a student can with the 
least labor and mental effort get some information regarding a special 
line of work by taking a course ip it. A- good teacher and a good 
student form a combination which should be able to reduce course 
work to a low limit. The academic tradition that graduate work 
requires three years does not of course fit into a graduate student’s 
schedule where many courses are required or taken, if experience in 
research is expected. It is of course just as possible to require too much 
preliminary training in physiology as in any other phase of entomology, 
and this happens to be a fault often encountered. 
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This situation raises the question whether insect physiology should be 
included in the program of the department of entomology or whether 
it is as well or better to leave this work to other biological departments, 
such as Biochemistry or Physiology. The necessary administrative 
division of a college staff into departments often retards rather than 
promotes scientific progress and one of the greatest needs in academic 
work is to eliminate the petty jealousies and handicaps arising from the 
apparently necessary departmental organization, through a realization 
that science does not conform to the classifications of academic depart- 
ments. Most entomologists who are interested in physiology seem to 
feel that it is best for work in insect physiology to be done in the depart- 
ment of entomology. One suspects that part of this feeling is based on 
departmental jealousies, although part of it is definitely due to experience 
in finding that co-operation with other departments, while fine in theory, 
does not work. We might well leave to biochemists such highly tech- 
nical problems in chemistry as they may wish to undertake, but for the 
training of entomologists who are at the same time physiologists, it is 
essential under present academic organization that the student be trained 
in a department where insects are understood. Whether in theory 
this should be changed is rather immaterial, since we are confronted 
with a real condition in the present failure of academic departments 
to co-operate as they should. Almost every institution has such 
academic barriers to cross before insect physiology can be put on a 
sound basis. 

There are, of course, myriads of questions constantly arising in 
economic entomology on which physiological investigations would be 
interesting. Is it possible or probable that a physiological attack on 
economic entomology would be actually helpful ? For lack of experience, 
there is here still room for some difference of opinion. There is, however, 
real reason to believe that such an attack would be more helpful in 
some cases than the types of work now common. A recent paper by 
Cotton and Young shows that the action of certain gases on respiratory 
processes may be made applicable to insect control. A knowledge 
of the rate of increment of various activities, especially on the rate of 
development, has already been used t6 some extent and has been 
speculated upon still more, and it is necessary only to mention the 
work of Headlee, Sanderson and Peairs to show that modification of 
rate of development due to temperature is economically important. 
One difficulty in the work of the effect of temperature has been a failure 
to appreciate, or at any rate to weigh, the obvious fact that temperatures 
at one or two times of the day are of little value, for temperature is a 
constantly working and ever changing factor, speeding up or retarding 
development every second of the day. So-called accumulated tem- 
perature fails to take into consideration the extreme rapidity with which 
a change in temperature changes these rates. The non-economic 
investigations of Crozier aftd Shapley have great significance here. 
They are beyond doubt, as Uvarov states, many cases in which a knowl- 
edge of metabolism will be necessary to proper control. I cannot at 
the moment think of any cases where a knowledge of circulation problems 
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might be applied, yet this is not impossible. Several papers have 
appeared on the effect of insecticides on insects, this being a highly 
practical consideration. The chief difficulty in this problem seems to 
be that so little is known of physiological processes that it is difficult 
or impossible properly to interpret the finding in the highly specialized 
problem. This work seems somewhat premature, which is said with no 
thought of criticism of those who have tried to solve it. 

The discovery that the European com borer and Mexican bean 
beetle are restricted in their serious occurrence to areas adapted to 
certain soil types is of itself important, but this astonishing and hopeful 
findiing, instead of being wholly satisfying, at once causes one to wish to 
learn how this is true. Is there a physical or chemical difference in 
the plants grown on different soils? If such a difference exists, in what 
manner does it affect the insects? Such physiological differences have 
been claimed in the case of resistance to Phylloxera of American vines 
and in the comparative immunity to woolly aphis of certain fruit 
varieties, which suggests that it is high time to transfer the com borer 
and Mexican bean beetle problems away from ecology into physiology 
and some recent work at the Wooster Station looks as if this were 
being done. Naturally such work might throw light on the distribution 
of many economic species, for frequently the place to study an important 
pest is where it does not exist. 

The apparent limiting effect of hydrogen-ion concentration on 
mosquito development, or perhaps it is the presence or absence of some 
salt or acid, the specialization of insects to certain host plants, or their 
occasional failure to stick to what was once their host plant, the pro- 
posed inner therapy for the control of sucking insects, these all are 
within the realm of physiology and should be attacked from that point 
of view alone. 

The moral of this tale seems rather obvious. Physiology as a tool 
should be used more widely for the solution of economic problems and 
more work in this phase of entomology would strengthen other phases 
of the work. Aside from a readily remedied shortage of teachers, 
the present lack of work in insect physiology in many institutions 
appears to be due more to difficulties of academic organization than to 
any other single cause, and it rests with the entomologists to point 
the way in the solution of these puzzles. Naturally one cannot expect 
a biochemist or physiologist to concern himself in finding the deficiencies 
in entomology as now presented and as used as a tool for research. 
The problem of enlisting physiology as a means Of solving some of our 
troubles is being attacked in a few places and should be given serious 
attention in other institutions. Every advance irx this phase of the 
work puts entomology in a stronger "position with other branches of 
biology and it is scarcely necessary to suggest that such a strengthening 
is desirable and would be welcomed. It would be foolish to suggest 
any universal method for the solution of the academic difficulties out- 
lined, for each institution has peculiar internal influences which must be 
considered. It is not the purpose of this outline to give a full solution, 
but rather to indicate the reasons for the present neglect of physiology 
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in entomology, as well as to suggest the vital necessity of finding means 
to strengthen it. 

About the most unwise undertaking on which one may embark 
regarding scientific work is prophecy. Yet viewing the progress already 
made and sensing the possibilities for further applicable knowledge, 
one is led to hazard a guess that within another decade or so, additional 
insect physiology will be recognized not only as essential from a purely 
scientific standpoint, but eminently useful and virtually essential in 
many economic aspects of the work. It will be difficult for all entomolo- 
gists to enlist in the army of physiological workers, but those who remain 
outside may be left at the rear of the procession of progress. If there 
were any reason to look on a study of insect dynamics as merely another 
scientific fad, one could advise that it be scorned, but it is no fad to 
learn how insects live. 

In order to promote this work, certain changes in our personal points 
of view regarding physiology seem desirable. For those not yet engaged 
in such work it is important to get away from some fear of the technique 
which apparently exists. The fact that one has reached the age of 
thirty or more, or that his formal academic training is past is no excuse 
for avoiding this field. In academic training there must be a clearer 
recognition of the fundamental value of physiology and it must be 
included in the training of graduate students, even though it necessitates 
the elimination of courses which are now considered necessary. 
Physiology is not the first phase of entomology to be undertaken, 
but it is certainly one of the most vital. 

Apologies are due the Society for so great a departure from the 
subject assigned. Further apologies may be considered desirable 
because of the emphasis which has been placed on the lack of 
physiological research in economic entomology, yet when one con- 
siders the necessary emphasis on economic phases of the work under 
American conditions, it seems to be a true picture of American 
entomology to stress this part of the work. It would have been a 
pleasure to use the time allotted to point out noteworthy things that 
Americans have accomplished in insect physiology, and even an easier 
task. One could almost make the e^gle scream in this way. We 
Americans are accused of being too prone to advertise our virtues, 
so perhaps it is permissible to try to suggest reasons for one of our 
lacks. It is at any rate more in keeping with our desires to do this 
ourselves rather than to have it done by others. 

The situation, while here painted somewhat discouragingly is still 
one of real hope. There is evidence of progress in agricultural institu- 
tions along lines of a study of insect dynamics and several institutions 
are now making plans either to introduce or to increase their work-in 
this line. We can at least express the hope that their progress will 
be rapid. 
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CONTRIBUTIONS TO ECOLOGY OP INSECTS, 

Samuel A. Graham, 

University of Michigan. 

Insect ecology is a mere infant as compared with the other sub- 
divisions of entomology and it would seem therefore that the discussion 
of the important contributions of America in this field would be a 
relatively simple undertaking. But after the present effort it appears 
clear to at least one individual that such is not the case. 

It has been only sixty years since Haeckel proposed the name and 
defined the scope of ecology and only a little more than twenty years 
since the importance of this field has been even slightly recognized by 
entomologists. Not until very recently has ecology come to occupy 
an important place in the eyes of the entomological profession as a 
whole. It is doubtful if as recently as ten years ago the subject ecology 
would have been included at all in such a symposium as this. Today 
insect ecology is accepted as a well defined and important division of 
entomology. So thoroughly has it been accepted that some of us can 
scarcely realize that it was not always thus. 

Exactly twenty-one years ago today, December 28, 1908, at the 
annual meeting of the American Association for the Advancement of 
Science in Baltimore, Dr. Forbes in his presidential address before 
the Association of Economic Entomologists made a prophecy. He 
expressed the opinion that ecology, together with the application of 
biometric methods, would play a prominent part in the future develop- 
ment of economic entomology. His remarks on the economic applica- 
tion of ecology received little attention and passed unmentioned in the 
discussion which followed, despite the fact that at least two of those 
who took part in the discussion, Sanderson and Hopkins, later were to 
make notable contributions to insect ecology. 

At that time entomological papers of an ecological nature were just 
beginning to make their appearance, although they were frequently 
unrecognized as ecological even by their authors. During the two years 
1908 and 1909 six papers that might be regarded as ecological in char- 
acter appeared in the Journal of Economic Entomology , then, doubtless, 
the most likely place in which to look for such material. These 
comprised only about 4 per cent of the total number of articles that 
appeared in the above mentioned volumes. " . 

Compare this with the number of ecological articles published in 
the same journal during the last two years. During 1928 and 1929 the 
Journal of Economic Entomology published forty-eight articles of an 
ecological nature which comprised approximately 15 per cent of the 
total number of articles published, a very considerable increase especially 
when we consider that a number of other periodicals are now printing 
papers on insect ecology. In addition to t his increase in ecological 
papers, a distinct ecological trend may be observed in many works 
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dealing with biology and control. For instance, the recent publications 
on the codling moth, the com borer, the Japanese beetle, and the 
Mexican bean beetle show distinctly the influence of an ecological 
approach. 

At the time of Forbes' prophecy the influence of environment 
was seldom considered in biological studies. Insects were reared and 
the stages described without attempting either to control or measure 
even the most obvious physical factors, like temperature and moisture. 
We learn from these biological studies that the period of incubation 
for the eggs of a certain insect is so many days, that the larval period 
is so and so, that the insect remains in the pupal stage just so long 
before emerging as an adult, but seldom are we told under what con- 
ditions these facts are true. It was not at all unusual for entomologists, 
especially the inexperienced, to calculate on the basis of such laboratory 
observations the number of generations through which an insect species 
might be expected to pass during a season under natural outdoor 
conditions, without realizing that environmental factors inside and 
outside the laboratory were very different. 

Today such inaccuracies as those just mentioned are rarely found in 
entomological literature. Almost without exception some effort is 
made to evaluate the influence of environmental factors and often the 
facts observed are interpreted in terms of these factors. Undoubtedly 
Dr. Forbes' prophecy of twenty-one years ago is coming to pass and the 
ecological approach to entomological problems, especially in the 
economic phases of entomology, is becoming more and more important. 

But economic entomology is not the only field in which ecology is 
finding a useful place. The influence of environmental factors, like 
food, moisture and temperature, are being considered more and more 
in taxonomic investigations. The morphologist, the parasitologist, the 
physiologist, likewise appear to be concerned more and more with both 
physical and biotic environmental influences. 

From this brief review of the entomological situation as it exists 
today we must conclude that ecology, or at least the ecological attitude 
toward entomological problems, has doubtless come to exert a marked 
influence upon the study of insects. But what are the chief con- 
tributions in America that have brought about this condition and have 
led us to regard insect species as a part of, and to a certain degree the 
result of, the environment in which they live, rather than more or less 
unrelated entities? 

This is not so simple a question as it may appear to be at first glance. 
Perhaps it cannot be answered at all at present. Numerous important 
papers come to mind, but with them come others of apparently equal 
value.^ Can we say that any single contribution or group of con- 
tributions lies behind the rather phenomenal growth of the ecological 
concept in entomology? Is jiot this development the result of a gradual 
realization, growing in the minds of numerous workers at the same 
time, that the conception of each animal as an entity in itself is inade- 
quate, and that the consideration of animals as part of the environmental 
complex is necessary to the satisfactory interpretation of existing facts? 
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If this is true, then we cannot expect to find in literature the cause of 
ecological development in the study of insects. The published facts are 
the results of this development rather than the cause. But even 
though the underlying cause of ecological development must be looked 
for elsewhere, certain published works have wielded a greater influence 
than others in guiding the trend of ecological development. 

One of the first that comes to mind is Chapman's book, “ Animal 
Ecology with Special Reference to Insects." This work is of especial 
value for two reasons. First, it brings together under one cover a grea,t 
mass of material which is widely scattered and often inaccessible to 
the average worker, and secondly, it organizes and clarifies our ecological 
concepts. In this book Chapman has formulated laws and principles 
that apply not only to insects, but to all other life as well, and by so 
doing has gone far to show the unity in the multitude. 

For instance, his conception of the powers of multiplication possessed 
by insects and the effect of environmental factors as being measurable 
forces has done much to make real that formerly ephemeral phenomenon, 
biotic balance. The idea that various elements are, under normal 
conditions, so arranged that their combined effects bring about a 
relatively constant condition is so old that it is scarcely safe to hazard 
a guess as to its time of origin, but Chapman in the book referred to 
above, and in other writings, has conceived of the ability of insects to 
reproduce as being a measurable positive force against which are acting 
forces of the environment. 

The force of reproduction he calls Biotic potential and the forces of 
the environment he calls Environmental resistance. These forces he 
compares with the potential of an electric current and the resistance 
of the wire over which the current passes. Biotic potential is defined 
as the inherent power of an organism to reproduce itself in a given time 
in the absence of environmental resistance. Environmental resistance 
is defined as that force or combination of forces which reduces the 
potential rate of multiplication. The biotic potential is constant for 
each species and can be determined by experiment. The number of 
individuals in any environment can be determined, and a comparison 
of the number of individuals actually present with the potential number 
that would be present in the absence of environmental resistance affords 
a quantitative measure of environmental resistance. 

Obviously although the numbers of an insect population may vary 
somewhat from time to time, there must be in general a condition of 
relative equilibrium between the forces of Biotic potential and Environ- 
mental resistance. If this were not true, the species which encountered 
a degree of environmental resistance too low iti relation to their biotic 
potential would ultimately come to dominate their environment, while 
those meeting excessive resistance would ultimately become extinct. 
This hypothesis of measurable positive and negative forces which 
result in a condition of relative equilibrium does much to make concrete 
our previously hazy conception of biotic balance. Furthermore, the 
demonstration by controlled experiment that at least certain factors 
of environmental resistance can be segregated and measured quan- 
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titatively has already gone far toward establishing Chapman’s hypothesis 
as a fundamental law of ecology. 

Other important fundamental hypotheses have been formulated as a 
result of entomological research in America. One of these is the 
Bioclimatic Law of Hopkins. Although it has not escaped criticism 
because of certain obvious weaknesses, this empirical law has dem- 
onstrated its practical worth especially in connection with protection of 
winter wheat from the Hessian fly. When the date of any periodical 
event is known in one locality, other things being equal, the date of 
the same event in another locality may be calculated by the application 
of this law. 

The law may be stated as follows: Other conditions being equal, 
the variation in time of any periodical event in temperate North America 
occurring in the spring or early summer is at the general rate of 4 days 
later to each degree of latitude northward, or 5 degrees of longitude 
eastward, or 400 feet of altitude upward. In late summer and fall 
conditions are reversed. Like most empirical laws it is likely that 
further research may result in its modification, but even with its present 
imperfections it is undoubtedly one of the outstanding contributions 
of America to insect ecology. 

Another fundamental ecological hypothesis which has not received 
the attention it deserves is the “Host Selection Principle.” This 
hypothesis was originally formulated by Hopkins and was later 
demonstrated experimentally by Craighead and others. It may be 
stated briefly as follows: The progeny of any insect species that 
normally feeds on two or more hosts tends to breed on the host on 
which it was reared. 

Craighead has demonstrated that certain wood-boring insects not 
only prefer that host on which they were reared, but are not as successful 
in developing, surviving, and reproducing themselves when transferred 
to another host. But he has also shown that when forced to continue 
breeding on the second host the survivors produce progeny which have a 
preference for that host. (Is this a demonstration of the inheritance of 
an acquired character?) 

America has made noteworthy* contributions toward the better 
understanding of insect distribution. ^Cook’s theory of Bioclimatic 
Zonation provides us with a concept of the economic distribution of 
insect species that is very valuable. He distinguishes within the zone 
of taxonomic distribution of an economically important insect four 
distinct zones: 

1. The zone of normal outbreak, in which the insect is adjusted to 
the normal climatic conditions and is controlled by weather variations, 
but primarily by biotic factors. 

2. The zone of occasional abundance, adjacent to the normal 
zone, in which the insect is not adapted to the normal climate, but* to 
variations from the normal. Here it will be controlled by normal 
climatic conditions and to some degree by biotic factors. 

3. The zone of possible abundance, still farther removed from 
the normal zone, in which a permanent population is not maintained. 
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but outbreaks may result from migrations from the inner zones when 
favorable variations from the normal climate occur. Here climate is 
the most important agency of control, although biotic factors of a non- 
specific nature may doubtless play a part. 

4. The zone of possible occurrence, where the insect may occa- 
sionally be found, but never in injurious numbers. 

Cook's application of the hythergraph to indicate this bioclimatic 
zonation is an important application in America of a method developed 
elsewhere. 

American entomologists have contributed much to the knowledge 
of the effects of physical environmental factors on the rate of insect 
development. Sanderson and Piers, working with the influence of 
temperature upon the rate of insect development, were the first to 
establish the fact that within certain limits the time temperature curve 
of development of any stage of an insect is a segment of an hyperbola, 
the reciprocal of which is a straight line. This work antedates the 
better known work of Krogh by some months. 

Numerous workers have studied the effect of moisture upon insect 
development. Notable among these are the welHcnown experiments 
of Headlee. The study of the combined effect of temperature and 
humidity has been made by Pierce, Shelford and others. Pierce 
developed a method of graphing the combined effect of these factors in a 
series of concentric zones which has been widely adopted by other 
workers in various fields. Shelford's contributions to our knowledge 
of the relation of weather and the coddling moth are classics. 

American workers have made noteworthy contributions to our 
knowledge of the nutritional factors. They have demonstrated that the 
food of insects is not always what it appears to be. For instance, 
Baumberger has shown that Drosophila is unable to develop to maturity 
when microorganisms such as yeasts are absent from their food. It has 
been shown by Cleveland, Kofoid and other workers that some insects, 
as well as other animals, which eat wood have within their digestive 
tract symbiotic microorganisms upon which these animals are dependent 
for the digestion of cellulose. When deprived of these microorganisms 
Termites are unable to obtain nourishment from the wood they eat. 
Chapman has reared Tribolium upon a synthetic medium, but later the 
possible presence of intestinal microorganisms was indicated. We might 
go on and mention numerous *other contributions of American 
entomologists in the field of insect ecology, especially studies leading 
toward the solution of pressing economic problems, notably Huber, 
Neiswander, and Salters' investigations concerning the European 
corn-borer and its environment, Carter’s wprk with the beet leal- 
hopper, and the studies of Dendroctonus beetles- by Craighead and his 
co-workers in the Bureau of Entomology. Forest entomology is rapidly 
becoming almost exclusively applied ecology. If we can judge from the 
amount of ecological work now under way it seems safe to say that the 
production in the field of insect ecology will be greatly increased in 
the near future. 

After the foregoing consideration of insect ecology, although time 
limitations have made it necessary to omit much of importance, it 
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seems evident that America is well represented by contributions in 
this field. But the development has just begun. Insect ecology is 
today in a condition comparable to chemistry or physics one hundred 
years ago. It is still in the fact-gathering stage. The application 
of quantitative analysis must be carried farther than it has been so far. 
Biological constants similar to the constants of physics and chemistry 
must be determined. Facts and still more facts must be accumulated 
to provide the basis for the formulation of more ecological hypotheses. 
These hypotheses must be tested in the heartless crucible of controlled 
experimentation to separate the pure metal from the dross. And 
finally, all these facts, laws, and principles must be brought together 
to form a comprehensive whole which will probably make our ecological 
efforts of today appear feeble indeed. 


CONTRIBUTIONS TO APPLIED ENTOMOLOGY. 

Arthur Gibson, 

Dominion Entomologist, Ottawa, Canada. 

Since the year 1841, when the State of Massachusetts published the 
classic volume prepared by Thaddeus W. Harris, economic entomology 
in North America has made remarkable progress. 

Much of the early work was concerned with poisons for the 
destruction of insect pests. Since the use of Paris green, between the 
years 1860-1867, as a poison to destroy the Colorado Potato Beetle, 
there have been many contributions to the subject of insecticides. 
Up till about 1892, Paris green was practically the only stomach poison 
used. Since then such materials as arsenate of lead, arsenate of lime, 
white arsenic, sulphur compounds, oils, oil emulsions, the fluosilicates, 
as well as others, have been produced extensively in North America and 
used over a very wide range of territory. The insecticide industry has 
thus developed to the value of hundreds of thousands of dollars, giving 
employment to many workers, including trained chemists and ento- 
mologists. Machinery, too, for applying insecticides has developed 
from the first spray gun available in 1896 to the various types of high 
power sprayers and dusters now used in gas driven machines. Even 
since 1921, the year the airplane was first used in America to distribute 
poison, there have been many improvements in this method of appli- 
cation. 

Coquillett, in 1885, reported success in controlling grasshoppers in 
California with a mixture composed of arsenic, sugar, middlings and 
water. In the same year, as he also reported, bran was substituted for 
middlings, and has since been adopted generally as the carrier for the 
poison. In 1901, tlie CrMdle mixture was evolved in Manitoba and 
has since been used extensively in many parts of the world. Two years 
later Griddle conducted experiments in Manitoba with a bait composed 
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of equal parts of bran and sawdust, with salt and arsenic. Later, in 
1915, sawdust was used over a wide area in Ontario and Quebec. In 
1914, Dean reported the adoption of a bait in which oranges or lemons 
were used and which became known as the Kansas formula. 

From a summary of expenditures and results of grasshopper cam- 
paigns conducted in the United States and Canada from 1913 to 1923, 
prepared by Dean, it is of interest to note that over 105,000 tons of 
poisoned bait, costing $3,376,639, were used, as a result of which the 
estimated saving, or the value of the crops protected, was $143,692,975. 

During the past 70 years many foreign insect pests of great economic 
importance have found their way to America, necessitating the 
appropriation of large sums of money for their study and control. The 
gypsy moth was introduced into Massachusetts in 1868 and in 1924 
was found in Quebec. The San Jose scale reached California apparently 
in the early seventies, appeared in destructive numbers in the Eastern 
States in 1893, and in Ontario in 1897. The brown tail moth was 
discovered in Massachusetts about 1890 and in New Brunswick in 1902. 
The Japanese beetle was introduced into New Jersey in 1916. The 
European com borer was found in Massachusetts in 1917 and in Ontario 
in 1920, and the Mediterranean fruit fly in Florida in April, 1929. 
These introductions, as well as others which need not be mentioned, 
demanded the establishment of fighting organizations such as no other 
countries have had to incept. 

In the development of these large-scale control projects important 
progress has been made in devising better insecticides, as also new or 
improved machinery for applying the same. Implements for the 
destruction of infested plant material have also been invented. The 
introduction and colonization of promising insect parasites and predators 
has been incepted and is being continued under close observation. 

In connection with insects found in dwellings, mills and warehouses, 
impprtai^Contributions have been made during the last decade or so, 
not following discoveries leading to the development of new 

preparations for purposes of fumigation, but, also, as a result of dem- 
onstrations proving the value of high temperatures, particularly for 
insects which affect flour, grain, and other products present in mills. 

Up to 1921, efforts in North America to control injurious insects 
were directed from the ground. In that year the first experiment 
in using the airplane to distribute poisoned dust for the destruction of 
the catalpa sphinx was undertaken by Houser in Ohio, and this was 
followed by further tests in the same state in 1922. In this latter year, 
Burgess conducted experiments against the gipsy moth in Massachusetts, 
and Coad initiated experiments against the cotton boll weevil in 
Louisiana, and the method for the latter insect has since been com- 
mercialized. Following these demonstrations, much further experi- 
mentation has been conducted, in Wisconsin, by Fracker and Gran- 
ovsky, for the control of the hemlock looper, and in Canada, against 
the spruce budworm in Nova Scotia and Ontario, and the hemlock 
looper in British Columbia, Ontario and Quebec. The work conducted 
in Canada against the latter insect, in 1929, gave from 90 to 100 per cent 
control. 
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The value of farm practices in reducing insect abundance is advocated 
generally by most entomologists. The importance of ploughing under 
refuse and the adoption of other clean-up measures as controls for the 
European com borer have been demonstrated in recent years, especially 
in Ontario. 

As a result of three years investigation in Ontario, Ross and Hall 
stated in 1924* that fundamentally the control of the rose chafer is a 
matter of farm management, that the plough, disk and cultivator are 
the most important weapons in fighting the insect. 

In connection with grasshopper outbreaks in the range country of 
British Columbia, Treheme and Buckell reported in 1924f the impor- 
tance of re-establishing the range grasses by judicious grazing at selected 
periods within a year, or on a definite rotation plan. 

In Manitoba, Criddle and Mitchener found that the larvae of the 
wheat-stem sawfly do not cut the stems of wheat until the plants begin 
to lose their sap. Early harvesting as a result of this important 
discovery, has saved crops worth millions of dollars. In Alberta, 
Seamans has shown (1928)t that permanent trap crops of brome grass, 
attract the females of the sawfly for purposes of opposition resulting 
not only in the protection of adjacent fields of wheat, but also in 
yielding paying crops of hay or seed, and furthermore in assisting to 
control weed development. 

In forest entomology, the investigations of Hopkins in the control 
of destructive bark beetles started in Maine in 1901 and in the year 
following in the southern and western states, has been of decided 
importance. The work has been further developed up to the present 
time, with marked progress by officials of the United States Bureau of 
Entomology. * In 1913, Swaine incepted a study of the biology and 
control of bark beetles in the yellow pine forests of British Columbia. 
This resulted in the winter of 1918-1919 of the adoption of control 
operations on an extensive scale, namely, the cutting and bu-ning of 
beetle-infested trees, the burning of all logging slash and the utilization 
of wind falls before the emergence of the beetles present in the bark. 
This control work has given definite and most satisfactory results, and 
is undoubtedly an outstanding example. 

There can be no doubt that the impetu£ given to the study of ecology, 
as a branch of entomology, constitutes the most remarkable advance 
made in recent years. Under the leadership of such men as Forbes, 
Shelford and Chapman, there is gradually developing a school of 
entomologists who will attack the problems of the future from a new 
standpoint and with new methods, the possibilities of which appear to 
be well-nigh inexhaustible. An event of primary importance in this 
connection was the foundation of the Ecological Society of America 
in 1916, and the publication of its journal, Ecology , in 1920. 

It would be impossible to give an adequate account of the excellent 
work that has been accomplished in the last few years by the investi- 


*Rep. Rnt. Soc., Ont., 1924. 
tEnt. Br. (Canada) Circ. 25. 
+Rep. Enti' Soc., Ont., 1928. 



540 


Annals Entomological Society of America [Vol. XXIII, 


gators engaged in this type of research. Suffice it to touch briefly on 
one of its most important phases, namely, climatology. The importance 
of climatic conditions in their relation to insect development and insect 
abundance has been recognized in a general way for many decades. 
Notes of a general character are abundant in entomological literature, 
but exact observations based on a systematic study of the subject are 
rare. So far as North America is concerned, Hopkins in formulating 
his famous bioclimatic law, introduced into agricultural practice and 
into entomology, a principle and a working theory which, although not 
perfect, undoubtedly constitutes one of the most brilliant contributions 
to applied entomology. The work of Cook on the distribution of the 
pale western cutworm and the alfalfa weevil constitutes another distinct 
advance in the interpretation of climatic influences upon the significance 
of insect outbreaks. 

Shelford’s study of the relation of weather to the abundance of the 
codling moth in Illinois is a remarkable contribution combining, as it 
does, all the best known methods in both laboratory and field observa- 
tions. In Canada, we have the significant work of Seamans in Alberta, 
on the relation of rainfall in May and June to the abundance of the 
pale western cutworm and a dry July followed by a wet autumn to 
that of the army cutworm; also, the excellent study of King and Atkin- 
son, in Saskatchewan, on the relation of disease, parasites and weather, 
to the red-backed cutworm. 

Much progress has been made in assembling data regarding insect 
pests since the establishment of Insect Pest Surveys, in the United 
States in 1921 and in Canada in 1922. The monthly summaries of 
insect conditions published in both countries have undoubtedly served 
a very useful purpose. Hyslop has said,* “The data obtained as a 
result of insect pest surveys should be of far reaching value in connection 
with entomological forecasting. ” 

Extension entomology, so-called in America, has made rapid progress 
particularly during the last decade. This progress is a direct result of 
the many contributions made available through research. The various 
spray service and other extension programs which have been developed 
with the assistance of the telegram and the radio, have aided very 
considerably in the production of better marketable crops. 

Dr. R. J. Tillyard, in referring to entomological work in North 
America, said in an address before the Royal Society of Arts, London, 
England, October, 1926, “If you go into a shop today and compare 
the American or Canadian apples, now on sale, practically perfect in 
their shape, color, flavour and aroma, with the wretched products of 
some old, unsprayed insect and fungous-ridden orchards in this countiy, 
you will understand what economic entomology has done for fruit- 
producing areas. Costly as it is,, it is the spraying program which 
makes it possible for America and the Dominions to send to Europe 
these perfect fruits, and without it there would be no possibility of 
finding a market for their products. ” 


*U. S. Dept. Agric., Bull. 1103. 
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It would be interesting if we had the time to trace the history of 
insect legislation in North America from 1877, when the states of 
Missouri, Kansas, Minnesota and Nebraska, enacted laws for the 
destruction of grasshoppers. Two acts only will be mentioned here, 
namely, the Destructive Insect and Pest Act passed in Canada in 1910, 
and the Plant Quarantine Act passed in the United States in 1912. 
Many regulations have been issued or rescinded since the passage of the 
former act, but the act itself has never been modified. The Plant 
Quarantine Act of 1912 has been amended five times. 

With regard to the biological control of insects, we are all familiar 
with the success which followed the introduction of Vedalia cardinalis 
Muls. from Australia into California to control the cottony cushion 
scale. Since that time, but particularly during the last two decades, 
the subject of biological control has received considerable support. In 
California, too, the commercial development of Cryptolaemus montro- 
uzieri Muls. is an outstanding achievement. According to Smith* 
since 1918, this method of biological control for mealy bugs is practically 
the only one in use at the present time. In the same state, also, the 
native convergent ladybird beetle has been gathered in large numbers 
and later distributed in areas where plant lice were abundant. 

Just recently we received Technical Bulletin No. 86, “Imported 
Insect Enemies of the Gipsy and the Brown-tail Moth, ” by Burgess and 
Crossman. In this valuable contribution it is stated that over 
93,000,000 insect enemies were liberated. Two sentences are worthy 
of repetition here, (1) “The results thus far accomplished by utilizing 
parasites against the gipsy moth have been extremely beneficial and 
have saved the forests of New England from destruction, ” and (2) “The 
result of 24 years of work has demonstrated the great value of this 
experiment in parasite introduction — the most intensive and extensive 
that has ever been tried. ” 

The introduction into Canada from England of the larch sawfly 
parasite, Mesoleius tenthredinis Morley, by Hewitt in 1913, was an 
important contribution. The parasite is well established in Manitoba, 
where it has completely checked its host. Resulting from liberations of 
material reared at the Dominion Parasite ^Laboratory, the parasite has 
also been recovered in Ontario. 

With the discovery of the European com borer and the Japanese 
beetle in America, the desirability of introducing and establishing their 
native insect enemies has received much attention. Millions of parasites 
of these pests have been reared and liberated at strategic points. With 
the continued support which is being given to these projects, we may 
assume that important progress is being made. Reference could be 
made to other parasite projects, but those mentioned are sufficient to 
show that important contributions to this method of control have taken 
place in North America. 

Regarding medical entomology, the results of the brilliant investiga- 
tions of Finlay, Reed, and others, in connection with Aedes aegypti L. 
as a carrier of yellow fever made it possible to eliminate this dread disease 


'Jour. Econ. Ent., 18, 147. 
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from southern sections of the United States, where before the end of the 
19th century, severe outbreaks occurred periodically, resulting in heavy 
loss of life. During recent years no one in North America has been more 
active than has Dr. Howard, in adding to our knowledge of the relation- 
ship of the housefly and other species, to typhoid and other diseases, as 
also in encouraging the inception of problems of great importance, not 
only as they affect humans, but also as certain of them affect live stock. 

The discovery by Ricketts that the common wood tick is a carrier 
to man of the Rocky Mountain spotted fever, is also significant. Further 
admirable tick work has been conducted by Parker and others. The 
state of New Jersey, through its Mosquito Extermination Association, 
has made remarkable progress in reducing the mosquito population 
within the state. 

In a very limited discussion such as the present, it has only been 
possible to refer, and this briefly and generally, to certain contributions, 
which in the opinion of the writer seemed outstanding. Had time 
permitted we might have referred to other contributions possibly 
equally important. No mention has been made of publications as such. 
What a quantity have been written by American students! Some 
of these were discussed by Lochhead in the Report of the Quebec Society 
for the Protection of Plants for 1916-1917 under the title, “ Masterpieces 
of American Economic Entomology. ” 

One reason, I think, why applied entomology in America has made 
such rapid progress during recent years is the fact that there has 
developed among our workers a very fine type of personality. The bond 
of sympathy which has increased so noticeably has been largely 
responsible for the bringing about of a co-operation, not only of state 
and provincial importance, but also of national and even international 
value. 

Both the United States and Canada have contributed liberally 
towards developing opportunities for workers to get together and discuss 
problems of national or international importance. Not only have the 
entomologists themselves been brought more frequently together, but 
chemists, botanists, agronomists, animal husbandmen, agricultural 
engineers, and other scientists, have met with them to discuss and 
develop measures of control. 

This Society and the American Association of Economic Entomol- 
ogists have contributed much to thendvancement of applied entomology, 
not only in bringing workers together, but also in publishing their 
findings. 

In the main, however, the remarkable development of economic 
entomology in North America is a direct result of the many introduced 
insect species which have become established without their natural 
enemies. No other nations in the world have had to face the insect 
menace as have the United States and Canada. As one who has been 
associated with the work for more than a quarter of a century, I take 
this opportunity of paying my humble respects to the loyal band of 
workers who have assumed this responsibility and thus raised the 
science of applied entomology to the nigh position in America which it 
now occupies. 



THREE NEW APHIDS FROM COLORADO 


C. P. Gillette and M. A. Palmer, 

Colorado Agricultural Experiment Station. 

Lachnus lasiocarpee n. sp. 

Fundatrix. — (Plate I, Pig. 1). Described from type and three para- 
types taken on Abies lasiocarpa on Pall River, Estes Park, Colorado, 
July 7, 1923, by the junior author. 

Color: (In old examples which had probably been rubbed.) Entire 
dorsum dark brown to black, with white powder marking median line 
and lateral portions of thorax; antennae pale, with tips of joints and 
entire VI blackish; legs black with bases of femora and tibiae yellowish. 

Measurements: Body 5 mm. long, 3 mm. wide; hind tibiae 3.2 mm. ; 
antennae 1.9 mm.; joints as follows: III, .76 mm. (.70 mm.);* IV, 
.30 mm. (.20-.26 mm.) ; V, .32 mm. (.30 mm.) ; VI, .20 mm. + .04 mm. ; 
cornicles, .45 mm. in diameter. 

Structural characters: Secondapr sensoria on antennal joint 
III, 0; IV, 0 to 1; V, 1; hairs spine-like, .15 mm. long on body and on 
outer side of hind tibiae, .12 mm. on cornicle base. 

Apterous Summer Viviparous Female. — (Plate II, Figs. 4, 5 and 6). 
Described from type and two paratypes taken on Abies lasiocarpa on 
Black Mesa, Colorado, August 12, 1920, by the junior author. 

Color: Body brown, mottled with powdery secretion; antennae 
pale with tips of joints dusky; legs dusky with bases of femora and tibiae 
yellowish; cornicles black. 

Measurements: Body 5 mm. by 3 mm.; hind tibiae, 3.50 mm.; 
hind tarsi, .50 mm. or 1/7 to 1/6 of tibiae; antennae 2 mm.; joints as 
follows: III, .80 mm. (.80 to .90 mm.); IV, .35 mm. (.34 to .44 mm.); 
V, .40 mm. (.40 to .45 mm.); VI, .22 to .25 mm. + .07 mm. (.04 to 
.07 mm.); cornicles, .30 to .50 mm. in diameter at base. 

Structural characters: Secondary sensoria on antennal joint III, 
0; IV, 2 (2 to 3); V, 2 (2 to 3); hairs spine-like, numerous, set at angle 
of 50 degrees, .16 mm. long. 

Habitat, on bark of twigs of Abies lasiocarpa . Taken on 
Black Mesa, Fall River, and Rabbit Ears Pass, Colorado; 
fundatrices and apterous viviparae; three collections; apparently 
rare. 

This species appears to resemble Lachnus grossus Kalt., 
but differs from Kaltenbaqji’s description in color, being brown 

•Numbers in parentheses indicate variations in paratypes. 
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and more or less marked with powder and covered with numer- 
ous long hairs, instead of black and naked, shining in parts. 
It differs also as to host, L. grossus feeding on Picea abies 
(Pinus Abies). From six specimens labelled Lachnus grossus 
Kalt. from Abies sibirica sent by Cholodkovsky, (Plate II, 
Figs. 1, 2 and 3), L. lasiocarpce differs by possessing longer 
antennal joints, especially joint IV, and longer tarsi (see Figs. 1-5). 
Cholodkovsky ’s specimens, apterae, measuring as follows: Anten- 
nal joints III, .70 to .80 mm; IV, .18 to .33 mm.; V, .32 mm.; 
VI, .20 to .29 mm. + .04 to .08 mm.; tarsi, .30 to .35 mm.; 
hind tibiae, 2.70 to 3.50 mm. ; hind tarsi equalling one-tenth to 
one-ninth length of hind tibiae. 

Types in U. S. National Museum Catalog No. 42082; 
paratypes in collection of Colorado Agricultural Experiment 
Station. 


Symydobius intermedius n. sp. 

Fundatrix . — (Plate I, Fig. 3). Described from type and one para- 
type taken on Betula sp. at Fort Collins, Colorado, April 7, 1916, by 
L. C. Bragg. 

Color: Olive green with broad bands of dusky brown on all seg- 
ments; antenna; with black and white annulations, legs dusky through- 
out; cornicles pale. 

Measurements: Length of body, 2.66 mm.; hind tibia;, 1.50 mm.; 
antennae, 2.20 mm.; joints: III, .89 mm.; IV, .47 mm.; V, .44 mm.; 
VI, .19 mm. + .07 mm.; cornicles, .08 mm.; cauda, .05 mm. 

Structural characters: Secondary sensoria circular, arranged in a 
single row, 13 (8 in paratype) in number. All other characters as in 
apterous summer viviparae. 

Apterous Summer Viviparous Female . — (Plate I, Fig. 6; Plate II, 
Figs. 7, 8 and 15). Described from type and four paratypes taken on 
Betula sp., at Ft. Collins, Colorado, July 13, 1915, by L. C. Bragg. 

Color: Olive green with dusky bands- often coalescing, cornicles 
pale, legs dusky throughout, antennas- annulated. 

Measurements: Length of body, 2.50 mm.; hind tibia, 1.80 mm.; 
antennae, 3 mm.; joints: III, 1.00 mm. (.82 to 1.05 mm.); IV, .65 (.57 to 
.69 mm.); V, .53 (.55 to .61 mm.); VI, .26 (.22 to .27 mm.) + .13 
(.10 to .14 mm.); cornicles, .07 mm.; cauda, .05 ram.; beak, .50 mm., 
attaining second pair of coxa?. 

Structural characters: Secondary sensoria circular, arranged in a 
single row along practically entire third antennal joint, 19 (16 to 22) 
.in number; hairs pointed, on body .05 to .08 mm. in length, somewhat 
spine-like; on antennae, .03 to .04 mm. in length, about equal to one-half 
of diameter of corresponding part of antennal joint, fine, hardly spine- 
like; on cauda and anal plate somewhat longer than on body and 
numerous and bushy in arramgement; imbrications on cornicles and 
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antennae finely setose; cornicles truncate, usually with flange; cauda 
semilunar, broader than long; anal plate indented, with swelling on 
either side of cauda, resembling a pair of plates; frontal tubercles present 
but shallow; vertex with tubercular-shaped projection; first antennal 
joints slightly gibbous; ocular tubercles present. 

Alate Viviparous Female . — (Plate I, Fig. 4, and Plate II, Figs. 9, 13 
and 14). Described from type and seven paratypes taken along with 
apterous viviparae described above. 

Color: Tawny olive with dusky cross-bands on abdomen, cornicles 
pale, antennae annulated, legs dusky to black, fore wings with veins 
heavily bordered, the anal and cubital being the most broadly bordered. 

Measurements: Length of body, 2 mm.; hind tibiae, 1.40 mm ; 
antennae, 2.40 mm.; joints: III, .75 (.64 to .88 mm.); IV, .55 (.47 to 
.60 mm.); V, .50 (.44 to .52 mm.); VI, .22 (.16 to .27 mm.) + .13 (.10 to 
.14 mm.); cornicles, .07 mm.; cauda, .05 mm.; beak, .30 mm., attaining 
second pair of coxae. 

Structural characters : Secondary sensoria circular to oval, arranged 
in a single row along practically entire length of antennal joint III, 
12 and 16 (12 to 20) in number; fore wings with radial sector distinct, 
but not as heavy as other veins; frontal tubercles hardly evident; other 
characters as given for apterous viviparae. 

Apterous Oviparous Female . — (Plate I, Fig. 5; Plate II, Figs. 11, 12, 
16 and 17). Described from type and five paratypes taken on Betula , 
at Fort Collins, Colorado, September 25, 1915, by L. C. Bragg. 

Color: Clay color with broad dusky cross-bands on all segments 
except abdominal segments 7 and 8; anal plate tinged with pinkish, 
otherwise as in viviparae. 

Measurements: Length of body, 2.80 mm. ; hind tibiae, 1.40 (1.22 to 
1.50 mm.); antennae, 2.50 mm.; joints as in fundatrix, excepting unguis, 
which is .10 (.10 to .14 mm.). 

Structural characters: Terminal segments of abdomen slightly 
prolonged to form ovipositor. Hind tibiae but slightly swollen on 
proximal half or two-thirds, thickly strewn for almost entire length with 
small flat sensoria. Other characters a“s given for apterous viviparae. 

Male . — (Plate I, Fig. 7 ; Plate IT, Fig. lu). Described from type and 
one paratype taken October 15, 1917, another paratype, October 7, 
1911, on Betula sp., at Fort Collins, Colorado, by L. C. Bragg. 

Color: Dusky brown with pale cornicles, antennae and legs as in 
viviparae. 

Measurements: Length of body, 1.95 mm.; hind tibiae, 1.10 mm.; 
antennae, 2 mm.; joints: III, .75 (.66 to .81 mm.); IV, .50 (.47 to 
.60 mm.) ; V, .40 (.40 to .43 mm.) ; VI, .20 (.15 to .21 mm.) + .12 (.11 to 
.13 mm.) ; cornicle, .05 mm. 

Structural characters: Apterous; secondary sensoria on antennae 
found only on joint III, 10 to 15 in number, arranged as in females. 
Indeed the only character by which the male can be distinguished seems 
to be the copulatory organs, and slightly smaller size. 
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Habitat, on bark of Betula fontinalis , at Fort Collins, 
Boulder, Estes Park, Stove Prairie near Bellvue, and Crawford, 
Colorado; fundatrices April 7; apterous summer viviparae, 
June 2 to October 7 ; alate viviparse, June 2 to August 9, apterous 
oviparae, September 25 to October 13; apterous males, October 
15 ; twenty collections ; fairly common. 

This species is distinguished from oblongus Heyd. by the 
indented anal plate and the extent of the sensoria along entire 
length of joint III. Also Van der Goot (1915, Holland Plant 
Lice) mentions secondary sensoria on joint V of the male. 

From S. americanus Baker, this species differs in the shorter 
unguis. 

Types in U. S. National Museum, Catalog No. 42819; 
paratypes in collection of Colorado Agricultural Experiment 
Station. 


Periphyllus brevispinosus n. sp. 

Apterous Summer Viviparous Female. — (Plate I, Fig. 8; Plate II, 
Figs. 18 and 23). Described from type and seven paratypes taken on 
under side of leaves of Acer glabrum at Idaho Springs, Colorado, June 17, 
1926, by the junior author. 

Color: Brown, mottled dark and light, with cornicles yellow; legs 
and antennae yellowish with distal ends of joints dusky. 

Measurements: Length of body, 2.40 mm.; width, 1.50 mm.; 
hind tibiae, .85 mm.; antennae, 1.30 mm.; joints: III, .42 mm. ( 36 to 
.47 mm.); IV, .28 mm (.22 to .30 mm.); V, .23 mm. (.20 to .23 mm.); 
VI, .14 mm. + .20 mm. (.18 to .20 mm.); cornicles, .10 mm.; spines on 
body, .10 to .12 mm. 

Structural characters: Secondary sensoria circular, arranged in an 
irregular row along entire length of antennal joint III in alate viviparae, 
15 (11 to 19) in number, none (rarely 1) on IV; hairs pointed, heavy 
spine-like, .10 to .13 mm. long on body, fine and .03 to .05 mm. long on 
antennae and legs; antennae imbricated throughout: cornicles truncate, 
narrower in middle, reticulate on distal 2/3; imbricated on proximal 1/3; 
cauda rounded semi-lunar; anal plate rounded; ocular tubercles present. 

Alate Viviparous Female. — (Plate I, Fig. 9; Plate II, Figs. 19 to 22). 
Described from type and nineteen paratypes taken on Acer glabrum on 
under side of leaves, at Idaho Springs, Colorado, June 17, 1926, by 
junior author. 

Color: Dark brown with black head, thorax, lateral spots and 
dorsal bands, especially on terminal segments of abdomen; cornicles, 
antennae and legs as in apterae; wings hyaline, stigmae dusky brownish. 

Measurements: Length, 2.25 mm.; hind tibiae, 1 mm.; antennae, 
1.55 mm.; joints: III, .55 mm. (.43 to .55 mm.); IV, .36 turn. (.28 to 
.40 mm.); V, .30 mm. (.25 to .30 mm.); VI, .14 mm. + -20 mm. (.17 to 
.22 mm.); cornicles, .11 mm.; cauda, .14 mm. 
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Structural characters: Secondary sensoria, circular, 15 (11 to 19) in 
number, in irregular double row along entire length of antennal joint III 
of alate viviparae, joint IV with none or rarely one; forewings with media 
twice branched; hind wing with both media and cubitus present. 

No collections were taken other than the types and para- 
types, but specimens were very abundant. 

Apparently rare or confined to type locality. 

Types in U. S. National Museum, Catalog No. 42816; 
paratypes in collection of Colorado Agricultural Experiment 
Station. 


Trama oculata n. sp. 

Apterous Viviparous Female . — (Plate II, Figs. 23, 24, 25 and 26). 
Described from type and several paratypes taken under stone with 
ants, in foothills near Ft. Collins, Colorado, February 23, 1930, by 
Esther Lanchester and Bernard Travis. 

Color: Pale whitish in younger examples, olive brown in older 
individuals; legs yellowish with tarsi of first two pairs of legs dusky; 
antennas brownish yellow. 

Measurements: Body, 3 mm. long: hind tibiae, 1 mm.; hind tarsi, 
.95 mm.; antennas, 1.50 mm.; joints: III, .45 mm.; IV, .19 mm.; V, 
.29 mm.; VI, .22 + -06 mm.; beak attaining middle of abdomen; last 
three joints measuring .23 mm., 22 mm., and 05 mm., respectively. 

Structural characters: Secondary sensoria flat, indistinct and irreg- 
ular in form, scattered, about seven on III, one on IV, and three on V; 
primary sensoria long and flat; unguis conical; hairs pointed, fine, 
numerous and drooping, about .03 mm long, on antennae and legs 
equalling about one-half diameter of joint; cornicles lacking entirely; 
cauda semilunar, broader than long; frontal tubercles lacking; eyes 
normal, composed of more than 15 facets, ocular tubercle divided and 
consisting of three finger-like facets. 

Alate Viviparous Female. (Plate II, Fig. 27). Described from type 
taken on roots of Taraxacum officinaU in greenhouse of the Great 
Western Sugar Company, at Longmont, Colorado, January 18, 1930, by 
A. C. Maxson. 

Color: ‘‘Thorax quite dark, almost black and dark dorsal bands on 
abdomen, one on each segment, darkest on 8th. ”* 

Measurements: Body, 2.50 mm. long; hind tibiae, .90 mm.; hind 
tarsi, .88 mm.; antennae, 1.30 mm.; joints: III, .40 mm.; IV, .19 mm.; 
V, .27 mm.; VI, .19 mm. + .04 mm. 

Structural characters: Secondary sensoria not apparent on III, 
two on IV; two or three on V, arranged along posterior side of joints; 
cornicles apparently absent; fore wings with radial sector very slightly 
curved, media once forked, stigma rather broad; other characters as in 
apterae described above. 


*From notes by A. C. Maxson. 
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This species was first brought to our attention by the collection of 
apteras by Miss Esther Lanchester and Mr. Bernard Travis, students 
in Entomology, February 23, 1930. In the latter part of March we 
received a vial containing apterae of this same species, taken with ants 
on roots of Taraxacum officinale in the greenhouse, from A. C. Maxson, 
in Longmont, Colorado. On learning that we were ready to publish the 
species, Mr. Maxson kindly loaned us his alate example and his notes 
on the species. Notes are as follows: 

“Several large colonies discovered on roots of dandelions growing 
in the Great Western Sugar Co. greenhouse at Longmont, Colo., Dec. 14, 
1929. 

“These colonies were located just below the crown and surface of the 
soil. The lice were all head downward. When disturbed, the lice 
throw the long hind tarsi outward, giving the colony a hairy appearance. 
All colonies attended by a small red ant. 

“These colonies were composed almost wholly of apterous females 
and young of various sizes. There were two or three pupae found also. 
There were two colors of individuals. The younger ones were creamy 
white, with legs, all but VI of the antennae and part of V with a brownish 
tinge. Fore and middle tarsi dark brown. Terminal joint of beak 
brown with tip darkest. Tip of hind femora and tip of long hind tarsal 
joint dark also. Compound eyes dark. Tubercle appears somewhat 
pointed. 

“Body covered with fine somewhat curved hairs which are most 
numerous and longest near middle portion of segments. Body segments 
clearly discernible. Body distinctly marginated. Tip of abdomen 
dusky or brownish. Prothorax slightly dusky. Two lateral depressions 
showing dark at inner margins. Head dusky with faint light median 
line. Anal plate dusky. Tip of abdomen sometimes with a greenish 
tinge. 

“Some darker individuals have a greenish tinge on body segments. 
This is darkest toward tip of body. The 8th segment darkest/’ 

This species is distinguished from Trama troglodytes Heyden by the 
presence of eyes of more than “a few facets, ’’ from which character it is 
given its name. The absence of cornicles forbids its being placed under 
Protrama or Neotrama. Indeed it differs from Trama in the larger size 
of the eyes and absence of cornicles even in' the alatag, but we hesitate 
to erect a new genus. 

Types in U. S. National Museum, Catalog No. 43001 ; 
paratypes in collection of Colorado Agricultural Experiment 
Station. 
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EXPLANATION OF PLATES. 


Plate I. 

Lachnus lasiocarpce n. sp. 1, fundatrix; 2, apterous summer viviparous $ . 
Symydobius intermedins n. sp. 3, fundatrix; 4, alate viviparous 9 ; 5, oviparous 9 ; 
0, apterous summer viviparous 9 ; 7 d . 

Periphyllus brevis pinosus n. sp. 8, apterous summer viviparous 9 ; 9, alate 
viviparous 9 . 


Plate II. 

Lachnus grossus Kalt. 1, antenna of apterous summer viviparous 9 ; 2, hind 
tarsus, and 3, middle of hind tibia of same. 

Lachnus lasiocarpce n. sp. 4, antenna of apterous summer viviparous 9 ; 5, hind 
tarsus, and 6, middle of hind tibia of same. 

Symydobius intermedins n. sp. 7, antenna of apterous viviparous 9 ; 8, cornicle of 
same; 9, antenna of alate viviparous 9; 10, antenna of d ; 11, antenna of 
oviparous 9 ; 12, hind tibia of same; 13, cauda and anal plate of alate viviparous 
9 ; 14, vertex of same; 15, vertex of apterous summer viviparous 9 ; 16 and 17, 
cauda, anal plate and genital plate of oviparous 9 • 

Periphyllus r brevis pinosus n. sp. 18, antenna of apterous summer viviparous 9 ; 
19, antenna of alate viviparous 9 ; 20, vertex of same; 21, cauda and anal plate 
of same; 22, cornicle of same. 

Trama oculata n. sp. 23, head and antenna of apterous viviparous 9 ; 24, beak; 
25, hind tibia and tarsus, and 26, cauda of the same; 27, antenna of alate 
viviparous 9 . 
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NOTES ON THE HABITS OF A DIGGER WASP AND ITS 
INQUILINE FLIES. 

E. J. Newcomer, 

U. S. Bureau of Entomology, Yakima, Wash. 

One fine day in early April I noticed a large, steely blue 
wasp running awkwardly along the ground on tip toes. It 
was carrying a full grown cutworm, longer than itself, which it 
straddled and held in its mandibles. I had read something of 
the habits of the digger wasps, as written by Fabre, the Peck- 
hams, and others, and as this occurrence was taking place in 
a vacant lot next to my laboratory, I seized the opportunity of 
learning something about digger wasps at first hand. During 
that season and the next I observed these wasps at every 
opportunity. Then a house was built on the vacant lot and 
my observations were brought to an end. But during the two 
seasons I saw some rather startling things. I am somewhat 
chagrined, however, to think that I had occupied this laboratory 
for a number of years in succession without even suspecting the 
presence of these wasps. I suppose, being a mere economic 
entomologist, I had been too narrowly concerned with such 
ordinary things as the codling moth and the San Jose scale. 
Once my attention was directed to the wasps, however, my 
economic training possibly enabled me to see some things that 
were overlooked or even deliberately put aside by some of the 
earlier observers. 

What is this wasp, where is she going with her burden and 
what will she do with it? If you are familiar with the writings 
of Fabre or the Peckhams, you, know the answers to these 
questions, at least in a general'way. But are you so familiar 
with many of the difficulties under which this wasp works, 
harrassed as she often is by squirming cutworms, aggressive 
ants, and ever-present inquiline flies? 

The wasp I am writing of is known as Podalonia luctuosa 
(Smith), a Sphecid, evidently a relative of the famous Am- 
mophilas* though a much larger and stouter insect. These 
wasps were abundant during April and May about my laboratory 

*The Ammophilas are now included in the genus Sphex. 
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at Yakima, Washington, and on bright, warm days a dozen 
or more might be seen hunting or digging. The terrain was 
typical of vacant lots — weeds and grass growing irregularly, 
bare spots, and a rubbish heap. I had thrown much old 
automobile oil on this rubbish heap at various times, and the 
mixture of oil and ashes seemed very attractive to the wasps. 
They dug many nests in it with no apparent discomfort, although 
I wondered how the young could thrive in such an oily place. 
Perhaps they did not. If the day was warm and quiet, the 
wasps were often at work as early as 8 o'clock in the morning, 
and worked until 4 or 5 o’clock in the afternoon. Their activities 
were considerably retarded by cloudy or windy weather, but 
not stopped altogether unless it became cold. 

BEHAVIOR OF WASPS. 

There are many variations in the behavior of these wasps, but 
first let us follow a typical individual through all of her activities. 
The habits of luctuosa have never been recorded, although Prof. J. B. 
Parker has made some observations on a related species, Podalonia 
violaceipennis (Lep.) (as Psatnmophila violaceipennis (Lep.)* 

The Ammophilas usually construct their nests before obtaining 
provisions, but the Podalonias, which place but one caterpillar in a 
nest, capture their prey first. Luctuosa hunts rapidly, almost feverishly, 
running from grass clump to grass clump, inspecting the ground care- 
fully, for the cutworms she seeks are nocturnal feeders, and lie hidden 
by day. She knows when she has found a cutworm’s hiding place, 
and she digs frantically, using her fore legs, and throwing the dirt 
back like a dog digging for a squirrel. She soon uncovers the luckless 
worm and drags it forth, twisting and squirming. Sometimes the 
worm senses the impending danger and crawls out of the earth at a 
little distance. The wasp usually sees it, however, and pounces on it. 
If it is too small, she may sting it once#nd leave it, or leave it without 
stinging it at all. To suit her needs, it must be at least as large as 
herself, for it is to provide food for one of her offspring. 

The wasp knows which is the head end of the cutworm, and, seizing 
it by the thorax, she administers a sting to one of the thoracic segments, 
apparently the first. Then, working the worm forward with her fore 
legs and jaws, she stings each succeeding segment, the movements of 
the worm gradually ceasing. This stinging process is more or less 
irregular, as the Peckhams observed, but usually most of the segments 
are stung. Sometimes, however, only four or five of the anterior 
segments receive the sting. Whether or not the sting touches each 
ganglion is problematical, but a t least the poison paralyzes most of 

*Parker, J. B. Notes on the nesting habits of some solitary wasps. Proc. 
Ent. Soc. Wash., Vol. XVII, p. 70, 1915. 
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them and renders the worm incapable of normal movements. Fabre 
believed it was essential that the worm be paralyzed but not killed, 
while the Peckhams considered this secondary to the immediate necessity 
of rendering the worm practically motionless so that it might be handled 
and would not kill the delicate wasp larva that would later feed on it. 
The Peckhams found that with Ammophilas and other species storing 
more than one worm in a nest, some of the worms usually died before 
the wasp larva had started feeding on them, but that this made no 
difference to the larva. The single worm used by Podalonia is usually 
alive when the wasp’s egg hatches, but is invariably dead some time 
before the larva has finished feeding (PI. II, Fig. 2). 

Following the stinging, the wasp often spends some time squeezing 
or chewing the cutworm just back of the head with her mandibles. 
Fabre calls this “malaxation” (my French dictionary gives the verb 
“malaxer” as a druggists’ term meaning “to work up”), and says that 
this munching of the worm is for the purpose of rendering insensible 
the brain, which can not easily be reached with the sting. The Peck- 
hams, also, have interpreted it to be for the purpose of further quieting 
the worm. It seemed to me that the squeezing was mostly on the 
first thoracic segment, and while that may affect the brain, it appeared 
also to be for the purpose of finding out whether the worm was sufficiently 
paralyzed, for I have seen a wasp sting a worm several times, "malax” 
it, and then sting it again. The wasp also sometimes sucks up the 
liquid regurgitated from the worm’s mouth after this treatment, but 
this habit is undoubtedly incidental. I am inclined to believe with the 
Peckhams that the instinct of paralyzing and “malaxing” the worm 
does not extend beyond the immediate effect, that of putting the worm 
in a condition to be managed easily by the wasp. 

Once the cutworm is properly subdued, the wasp grasps it firmly 
by the neck, ventral side up and, straddling it, proceeds to run with it. 
There is a great advantage in carrying the cutworm upside down, for 
it naturally curls ventrally a bit, and this keeps it from dragging on 
the ground. I have seen a wasp with a cutworm so imperfectly para- 
lyzed, however, that its hind legs took hold of every stem and leaf, 
greatly hindering progress. The wasp usually carries her worm up 
into a clump of grass or weeds and hangs it over the axil of a leaf, or 
sometimes she hangs it over a brushy -twig in the rubbish heap. The 
advantage of placing the cutworm off the ground is obvious, for there 
are many large, red Formica ants wandering about, and an occasional 
Calosoma beetle, even in the day time, to say nothing of other wasps, 
and if the paralyzed cutworm were left on the ground for any length 
of time, it would be appropriated by some of these, other insects. 

After stinging the cutworm, the warn may carry it twenty or thirty 
feet before cacheing it, and then may dig her nest several feet from the 
cutworm, although it is often within two feet. Before leaving the cut- 
worm, the wasp circles about it and returns to it two or three times, as 
though to familiarize herself with the location. She then hunts for a 
suitable place for her nest, tod she may finally decide upon a site 20 
feet or more from the cutworm cache. 
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The wasp uses her mandibles and fore legs to dig with, kicking the 
dirt out behmd with her middle and hind legs. She soon makes quite a 
hole in the sandy soil, and as the digging proceeds she must bring up 
load after load of soil particles held tightly between her mandibles and 
fore legs. These are dropped at the entrance, and are often kicked 
some distance as the wasp starts back into the hole (PI. I, Fig. 1). 
Large sticks and stones and lumps of coal may be brought out and it is 
remarkable how readily the wasp can move large obstacles While 
the digging is going on in the nest the wasp’s wings buzz loudly, but 
they are quiet when she is outside. I have often located a wasp at 
work by listening for this periodical buzzing. The construction of the 
nest, which is about two inches deep and somewhat enlarged at the 
bottom, requires from ten minutes to half an hour. The work is usually 
continuous, although sometimes a wasp will flatten herself out at the 
entrance to the hole for a brief rest. 

When the nest has been completed, the wasp returns to her cut- 
worm. If this is near at hand, it is soon found and carried to the hole. 
But if it is some distance away she may search for a long time before 
finding it. I came across a wasp one day that was just completing her 
nest, and I followed her to her cutworm cache twenty feet away. I 
could see the cutworm hanging in a grass clump, but the wasp had 
difficulty in finding it. She passed within a few inches of it several 
times, wandering some distance away each time. Then she returned 
to her nest as though to get her bearings, and this time she was able to 
go almost straight to the cutworm. But then she apparently forgot 
where the nest was, and carried the cutworm about for a long time 
while searching for it. Finally she had to deposit the cutworm in 
another grass clump and go in search of the nest without it. This 
time she found the nest and cleaned it out. Then she rested a moment 
before carrying the cutworm to it. I wondered whether this wasp 
had a poorer memory than her sisters; certainly she lacked the assurance 
that most of them had. Possibly some disturbing circumstance, such 
as my presence, had confused her. 

When a wasp arrives at her nest with a cutworm, she drops it with 
its head at the mouth of the nest (PI. I, fig- 2), enters the hole, turns 
around, comes up, and drags the cutworm down after her. Occasionally 
she cleans the nest out a bit before pulling the victim in. Once it is 
safely deposited at the 'bottom of the nest, she deposits an egg on it. 
I was never able to see this performance, but it requires about a minute, 
after which the wasp emerges from the nest and immediately begins 
scratching dirt into the hole. The process of filling the hole usually 
requires only about five minutes, but sometimes it takes longer, and 
frequently sticks and stones of various sizes are seized and placed in it. 
The Peckhams observed one Ammophila pounding down the soil with a 
small stone held in her mandibles. Podalonia luctuosa often carries 
small stones into the hole, pressing them against' the dirt, with her 
feet braced and wings buzzing, as though to pack the soil more 
effectually. These stones are always left in the hole but their primary 
use is evidently to make the soil as firm as possible, for the wasp also 
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presses against the soil with her head in the same manner. Any large 
sticks or twigs that may be scratched into the hole inadvertently are 
taken out again, as they interfere with properly filling the excavation. 

When the hole has been filled, there follows a rather indiscriminate 
scratching of dirt on the surface. This dirt is often scratched away 
from the hole instead of toward it, but the general result is to obliterate 
totally any signs of the nest. I have seen a wasp continue this apparently 
aimless scratching for nearly half an hour, her accuracy or instinct 
gradually becoming more vague until finally she got entirely away from 
the location of the hole. After having completed the nest the wasp 
may immediately begin a search for another cutworm or she may fly 
off and feast herself at the mustard blossoms and do no more work that 
day. 

The choice of a site for the nest is not always fortunate. Loose 
sand may be encountered, or ground so hard it can not be penetrated. 
In one instance, a wasp started her first attempt at making a nest at 
12:15, her second at 12:25, her third at 12:28, and her fourth at 12:40, 
completing this one and putting the worm into it at 1:05. The first 
excavation, at least, was made in the rubbish heap, and was probably 
abandoned on account of the presence of too much oil in the ashes of 
the heap. At another time a wasp attempted to dig a nest in hard 
soil. After some minutes of effort, she turned around and kicked some 
dust into the shallow hole, with a gesture that can only be described as 
one of disgust, and departed. 

Sometimes a wasp is unable to find her cutworm after having con- 
structed her nest. I observed one case that was perhaps due to my 
interference. I found a wasp digging her nest, and I placed a healthy 
cutworm near it but the wasp ignored the cutworm although she had to 
walk over it; her instincts at the moment were concentrated on nest 
building. Soon the cutworm crawled into the hole she was digging. 
The wasp promptly dragged it out and tried to sting it, but the cut- 
worm was very active and the secretion from its mouth repelled the 
wasp. Four or five times the cutworm retreated into the hole, as 
the wasp stopped to clean herself, and as many times she hauled it out 
again. 

The cutworm finally buried itself a couple of inches away while the 
wasp went on digging. She may have become confused by these 
interruptions, for when her nest was completed she was unable to find 
the cutworm she had prepared for it. After a search of about five 
minutes die gave it up, and, apparently forgetful of the cutworm that 
was within two inches of her nest, or unwilling to attack it again, she 
ran off in search of another victim. Within -five minutes she found 
one a couple of feet away, paralyzed it, and deposited it in a nearby 
.grass clump. Then she returned to the nest that was already con- 
structed, cleaned it out and buried the cutworm in it. The whole 
process occupied over an hour. From this it is evident that the wasp’s 
instincts are far from being iron bound. The usual procedure is to 
capture the prey first, and then construct its crypt. But if her memory 
fails her and die cannot find her victim, she is entirely capable erf 
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reversing the process, and going in search of another worm with which 
to provision the nest she has already constructed. 

On another occasion I saw a wasp digging excitedly under one end 
of a short stick. Soon a large cutworm crawled out from beneath the 
stick and the wasp pounced upon it and attempted to sting it, but she 
seemed to be repelled by something. Twice more she tried to sting, 
and both times she recoiled. Evidently she was greatly affected by 
the liquid exuding from the cutworm’s mouth, for each time she sprawled 
in the dust as though to rid herself of something, and each time she 
carefully cleaned her antennae and legs before going back. Finally 
she gave it up altogether and allowed the cutworm to escape. Why 
should this wasp’s behavior differ from the others? Was she more 
fastidious, or could this particular cutworm have been suffering from 
some disease that made it repellent to her? Is it possible that the 
cutworm was parasitized? It may have been, but I have reared large 
Tachinid flies from cutworms taken from the nests of this wasp, giving 
evidence that at least sometimes she is unaware that her victim is 
already doomed, and that her own offspring wall not have the provender 
she thinks is being stored for it. 

I have already mentioned the large red Formica ants* which at 
times interfere with the wasp’s labors. If one of these pugnacious 
ants is encountered while the wasp is carrying her pcey, a lively time 
ensues. I witnessed one encounter in which the ant got hold of the 
cutworm near its head, immediately causing the wasp to become greatly 
excited. She tried to pull the cutworm away, and then began to sting 
it segment by segment, as though the movements caused by the tugging 
of the ant ipade her believe it was insufficiently paralyzed. Although 
she was many times larger than the ant, she was unable to pull the 
cutworm away and eventually flew off, leaving it to the ant. 

Another wasp had just brought her prey to the entrance of her 
nest when an ant came up and took hold of it. The wasp immediately 
began running rapidly with the worm and shook the ant off. The ant 
retreated into the wasp’s nest, and attacked the cutworm again when 
she returned with it. This performance was repeated several times. 
The last time the ant was carried som^tiistance from the nest before 
being shaken off, and did not return to it. " The wasp ran about excitedly 
for several minutes with her cutworm, but finally put it safely up into 
a grass tuft. Then she started digging a new hole, seemingly fearing 
to return to the first one. Is that intelligence, or is it fear, or merely 
instinct? 

The Podalonias are distinctly solitary and have no love for one 
another. One day I witnessed a triangular battle When I first came 
upon them, two wasps were fighting, but they soon stopped and wasp 
No. 1 scurried to a grass clump where she had a cutworm cached. 
She carried it to a nest she had constructed, put it in, and deposited an 
egg upon it. She then began filling up the hole. Wasp No. 2 also 
had a cutworm and a nest nearby, and she put this cutworm into her 


*A variety of Formica tufa L. 
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nest only a minute later than wasp No. 1, and began filling up the hole. 
Shortly, a third wasp came along and locked mandibles with No. '2. 
These two wasps were the same size, and after a little skirmishing 
No. 3 departed and No. 2 went on working. No. 3 then came upon 
No. 1 at work filling up her nest. A fight ensued, and as No. 1 was 
smaller than No. 3, she got the worst of it and departed. No. 3 then 
tried to dig up the cutworm No. 1 had just buried, but she seemed to 
be unable to find it, and dug mostly a couple of inches from the nest. 
No. 1 came back but was beaten off again. No. 3, not finding the 
cutworm, started away and ran across the location of No. 2’s nest, 
which, in the meantime, had been completely filled. In spite of the 
obliteration of all visible signs of a hole, No. 3 apparently sensed the 
presence of a cutworm and started to dig. In fifteen minutes she 
had reached the cutworm, which she dragged to the surface. She then 
proceeded to inspect it, and finding the egg of wasp No. 2 on it, she 
pinched and chewed this until nothing was left of it but the shell. 
Then she carefully stung the cutworm in several places, and “malaxed” 
it, although it had already been paralyzed by its original captor. This 
done, she proceeded to clean out the hole made by No. 2, put the cut- 
worm back into it, and deposited her own egg upon it. I dug this 
cutworm up later and found the eggshell of wasp No. 2 on the sixth 
segment, and the egg of No. 3 on the seventh segment. Is it possible 
that this individual, Nomada-like, had become a cuckoo, and was 
depending on her sisters to provide nests and provisions for her young? 

I tried placing wasps in a large screen cage with soil in the bottom, 
and stocked with cutworms and with mustard blossoms in water for 
food. This arrangement proved to be unsatisfactory. The wasps 
spent much time fighting one another and trying to get out of the cage, 
and I learned nothing that I could not learn from the unconfined 
wasps. 

LARVAL HABITS. 

In order to observe the habits of the larvae of Podalonia, I dug 
up many of the nests and placed their contents in small tin salve boxes 
with a small quantity of earth. I found that the wasp attaches her 
egg to one of the anterior or medial segments of the cutworm, placing 
it near the lateral line, on either side, but not ventrally (PI. I, Fig. 3). 
In twenty cases recorded, one egg was placed on the third segment, 
one on the fourth, three on the fifth, ten on the sixth, and five on the 
seventh. 

The egg is so translucent that its development may be watched. 
A day or two after it is deposited it has a rather milky and granular 
appearance, with circular, transparent areas scattered about. After 
three days the segmentation begins to be apparent. The egg hatches in 
eight or ten days at room temperature, and it would probably hatch 
sooner in the nest where it would be heated by the sun. The actual 
time of hatching can scarcely be told. The larva’s head is at the end 
of the egg attached to the worm, and, when fully developed, it merdy 
makes a hole in the shell and starts to feed. As it grows, the thin 
shell gradually slides back until the larva is completely out of it. 
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Larval growth is rapid, requiring about nine days under artificial 
conditions (PI. II, Figs. 1 and 2). The cutworm lives but two or three 
days after the egg hatches; it shrinks rapidly as the larva develops, 
and little is left of it but skin when the larva has completed its growth 
(PI. II, Fig. 3). The larva then spins a cocoon of brown silk (PI. II, 
Fig. 4) the construction of which requires a couple of days. There 
seems to be but one brood of these wasps in a year; at least I have 
never seen them after May. 

Some of the eggs on cutworms that I dug up failed to develop, 
probably having been injured in the process of getting them out of the 
ground. In these cases, the paralyzed cutworm lived two or three 
weeks instead of only ten or twelve days. I have not reared any of 
these cutworms to maturity, but noctuids captured about the laboratory 
at the time these cutworms should mature have been determined by 
Dr. Busck as Euxoa testula Sm. It is possible that more than one 
species occurred in the vacant lot. 

FLIES ASSOCIATED WITH THE WASP. 

Now I come to the most interesting part of these observations. It 
has long been known that certain small flies deposit living offspring in 
the nests of digger wasps. The Peckhams mention these small flies, but 
only to say that they had to drive them away, and apparently they 
were not interested in studying the habits of these intruders. These 
flies belong to the Sarcophagid tribe Miltogrammini, which has recently 
been revised by Dr. H. W. Allen.* Dr. Allen mentions the habits of 
some eight or ten species that prey on the larval food of Sphecid wasps. 
Several of the observations were made by Prof. J. B. Parker, who has 
also published some notes on these flies.t A few notes have been 
published by others. 

I have observed three species of Sarcophagid flies associated with 
Podalonia luctuosa. The commonest one is Hilarella hilarella (Zett.), 
a very widespread species that has been found with various wasps. 
It is a small, active, grayish fly. Often it will be seen closely following 
a wasp that is carrying a cutworm, making short flights and alighting 
on convenient weeds to watch the progress of the wasp. And fre- 
quently when a wasp is constructing her nest, one or more of these flies 
may be seen perched on a grass blade or a stone, always with its head 
oriented toward the wasp (PI. I, Fig. 1). If the wasp is in the hole or 
has gone after her cutworm, the fly sits facing the entrance to the nest, 
occasionally changing its position as though becoming impatient. 

Hillarella deposits living young in the nest. I have observed this 
a number of times, and it was always done after the wasp had dragged 
her prey into the hole, or while she was pulling it down the hole, and 
before she had come out again. The fly alights at the mouth of the 
hole at the proper mopient, almost instantaneously drops the maggots 

"Allen, H. W. North American species of two-winged flies belonging to the 
tribe Miltogrammini. Proc. U. S. Natl. Mus., Vol. 68, art. 9, pp. 1-106, 1926. 

tParker, J. B. Loc. cit. 
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into it, and immediately flies off. On one occasion, I saw a fly alight 
on the cutworm as it was disappearing down the hole and quickly 
deposit several larvae upon it. 

The fly larvae are sticky and adhere readily to the cutworm. They 
must be extremely active, for I have found, on digging up a cutworm a 
few minutes after they were deposited, that they were already at work 
on the wasp’s egg I have observed these maggots feeding on the 
egg in several instances although they do not always seem to do this, as 
in one or two cases cutworms were dug up that had both maggots and a 
wasp larva feeding on them. In these cases, the wasp larva invariably 
dies. The maggots feed rapidly and they usually kill the cutworm 
before the wasp’s egg hatches. By that time they are so large that 
they literally take the food from the larva’s mouth. These maggots 
feed in the manner usual to fly maggots, either outside or inside of the 
cutworm. I have found from two to seven individuals in a single worm. 

Another fly that can scarcely be distinguished from Hilarella without 
a lens is Taxigramma ( Heteropterina ) heteroneura (Meig,). It is about 
the same size as Hilarella , and has the same coloration and markings. 
Under the lens, the two may be distinguished by the wing venation. 
Hilarella has the '‘distal section of fifth vein scarcely more than half as 
long as preceding section,”* while in Taxigramma the distal section is 
distinctly longer. The venation of the latter species is somewhat 
more crowded toward the costa, giving the wings a more delicate 
appearance. 

I have captured many individuals of T axigramma about the nests of 
Podalonia luctnosa , in company with Hilarellas , and their habits are 
apparently the same. In one instance, at least, I reared a male Taxi - 
gramma from one of the cutworms I had dug up. The only previous 
record of the habits of this species is by C. N. Ainslie,f who reared it 
from a grasshopper in Utah. It seems rather odd that there should 
be two species of these flies very similar in appearance and having the 
same habits and habitat, unless it is a case of mimicry on the part of 
one or the other. 

The third Sarcophagid is Metopia leucocephala (Rossi). This fly is 
larger and darker colored than the others and has a silvery face. 
Melander and BruesJ found it associated with Halictus pruinosus 
Robertson, the maggots apparently feeding on the young of this bee, 
and it has been reported as parasitic in the nests of H. sexcinctus 
(Fabricius) in Europe. It has also been found about the burrows of 
Chlorion and other Sphecids by several observers, but no very definite 
information on its habits seems to have been published. 

I found Metopia to be rarer than either flilarella or Taxigramma. 
This may be due to its different habits. Instead of the larvae being 
deposited in the nest after the cutworm has been carried in, they are 
put in beforehand. The fly sits on a grass blade or a convenient stone 


♦Allen, H. W. Loc. cit., p. 6. 

fWalton, Proc. U. S. Nat. Mus., vol. 48, p. 181, 1914. 

JBiol. Bui. No. 5, p. 20, 1903. 
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watching the construction of the nest. When the wasp has finished 
this and has gone for the cutworm, the fly crawls down the hole, deposits 
its young at the bottom, and comes out before the wasp returns. This 
method is more uncertain than the other. On one occasion I saw a fly 
enter a completed nest, but for some reason the wasp never returned 
with provisions. Later I dug up this nest and found several squirming 
fly maggots at the bottom. They would never have had anything to 
feed on, and must inevitably have perished. At another time, a fly 
had deposited its young in the nest, and when the wasp returned, 
instead of immediately dragging the cutworm into the hole, she first 
entered it and cleaned it out, bringing out several loads of earth. 
Evidently in doing so she also removed the maggots, for I later reared 
a wasp larva to maturity from her cutworm. The habits of the Metopia 
maggots are similar to those of Hilar ell a. They usually destroy the 
wasp’s egg first and then finish off the cutworm. 

I dissected several of these wSarcophagid flies, and in one Taxi gramma 

I found 29 larvae, and in three Hilar ellas, 14, 19, and 19 larvae, respect- 
ively. These larvae remained perfectly quiet until freed from the 
enclosing membrane, when they at once became active. The maggots 
develop quite rapidly, and those of Hilarella pupate in 11 to 15 days 
after they have started feeding. The flies emerge about four weeks 
later. In the only case observed, the Metopia maggots developed in 

II days and the flies emerged 16 days later. 

These inquilines, or guest flies, are distinctly harmful to the wasps, 
and yet as a rule I do not believe the wasps are aware of their existence. 
When a fly is following a wasp, it usually remains at a discreet distance; 
and about the nest it is very unobtrusive, becoming aggressive only 
when the wasp is dragging its prey into the nest, and hence not in a 
position to know what is going on in the world above. In one instance 
that I noted, however, the presence of the flies seemed to be known to 
the wasp. Before she had finished her nest, she had an audience 
consisting of two Hilar ellas and one Heteropterina. These flies were 
probably not only watching the progress of the nest but were also 
watching one another. At least they changed positions frequently, 
apparently for the purpose of trying to s«6ure the best point of vantage. 
This flying about seemed to be noticed By the wasp; for after digging 
for a time .she stopped, walked about the mouth of the nest for a few 
moments, and then suddenly flew fifty feet away and alighted on a 
mustard plant. The flies waited for some time, but the wasp never 
returned to the nest. Evidently the number of flies and their restless- 
ness had warned her of impending danger. 

The wasp whose habits are described in this paper was very kindly 
identified for me by Mr. S. A. Rohwer, and the flies by Dr. J. tyl. 
Aldrich. 
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Fig. 1. Wasp excavating nest Arrow points to Hilar ella fly. 
Fig. 2. Paralysed cutworm at mouth of nest 
Fig. 3. Egg of wasp on paralyzed cutworm. 
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Fig. 1. Young larvae of wasp. Right, two days old; left, four days old. 

Fig. 2. The same larvae six days later. Larva at left nearly full grown; larva 
at right has worked partially inside cutworm, and subsequently died." 
Fig. 3. Full grown wasp larva with remains of cutworm. 

Fig. 4. Full grown wasp larvae ready to spin cocoons. 

Fig. 5. Cocoon of wasp. 
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DESCRIPTIONS OF THREE NEW NORTH AMERICAN 
ANTS, WITH BIOLOGICAL NOTES.* 


M. R. Smith, 

A. & M. College, Mississippi. 


At the present time 119 species of ants have been recorded 
for Mississippi. Of this number 11 species, or 9.1 percent, are 
new. These new species have been found within the following 
genera: Aphaenogaster, Stenamma, Pheidole, Myrmica , Lepto- 
thorax and its subgenus Dichothorax, and the subgenus Colobopsis 
of the genus Camponotus. Although considerable collecting 
for ants has been done in some sections of the state, there are 
other sections which have been practically untouched. 

An interring coincidence is that the species of Myrmica 
and Stenamma described below are so far the sole representatives 
in Mississippi o^these two genera. The species of Stenamma is 
of more than casual interest since it is the fourth species to be 
described for North America. The other three species are as 
follows: nearcticum, a western form, which is known only from 
the male and female phases; manni, a Mexican species; and the 
common brevicorne with its various subspecies and varieties. 
Whether the new species herein described is allied to nearcticum 
or not can only be settled when workers are collected of 
nearticum, or when the male and female phases of foveolocephala 
are found. 

The writer is under obligation to Dr. W. M. Wheeler for 
his opinion concerning the taxonomical status of several of the 
ants described below. 


Myrmicinte. 

Stenamma fovolocephala sp. nov. 

Worker. — Length: 3.6-3.9 mm. 

Head, excluding mandibles, distinctly longer than broad, with 
feebly emarginate almost straight posterior border, rounded posterior 
angles, and gently convex sides. Eyes large, oval, moderately convex, 
placed at a distance from the base of the mandibles abbut equal to or 
slightly surpassing their greatest diameter; each eye with about 7 
ommatidia in its greatest diameter. Mandibles well developed, 
triangular, somewhat flattened dorsally; each with 5 or 6 distinct 
teeth. Clypeus moderately convex, protuberant and with the usual 

*A contribution from the Mississippi Agricultural Experiment Station. 
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longitudinal keels or carinae. Frontal area distinct, subtriangular. 
Antennae 12-segmented; scapes moderately robust, not attaining the 
posterior border of the head; funiculus gradually enlarging distally, the 
last four segments very noticeably so. Prothorax and mesothorax fused 
together in such a manner that the suture separating them is almost 
obsolete; viewed laterally the two form a very gently convex, almost 
straight continuous surface. Mesoepinotal constriction very distinct, 
rather broad and fairly deep, separating the pro-mesothoracic region 
from the lower declivous, basal surface of the epinotum. Epinotal 
spines viewed in lateral profile small, acute, broader than long, directed 
backward and outward but scarcely upward. Anterior surface of 
petiole almost vertical, meeting the superior surface in a rounded yet 
distinct angle, which is almost a right angle. Postpetiolar node longer 
and more robust than the petiolar node, and rather strongly convex 
dorsally; viewed from above, it is somewhat subcampanulate in outline. 
Gaster from above oval, with rather rounded, indistinct, humeral 
angles. 

Mandibles, lateral border of clypeus, frontal area, legs exclusive of 
the tarsi, declivous surface of the epinotum, and the gaster, more or less 
smooth and shining. Dorsal surface of the head, excluding the cheeks 
and anterior borders, f o veolat e-reticulat e . Thorax rather irregularly 
rugulose; anterior border of the pronotum, and dorsal surfaces of the 
mesonotum and epinotum with transverse rugulae; pleura of the pro- 
and metathorax with longitudinal rugulae; the mesopleura foveolate- 
punctate. Petiole and postpetiole irregularly rugulose-reticulate with 
finely punctate interspaces. 

Pilosity yellowish; moderately abundant, suberect, longest on the 
clypeus and gaster. Pubescence of same color as the pilosity, covering 
all parts of the body, but not obscuring the surface. 

Very dark brown, closely approaching black; mandibles, clypeus, 
antennae, legs, and gaster from posterior border of first segment to apex, 
yellowish. 

Described from two workers which were collected from 
sandy soil on the south slope of aythinly wooded hillside two 
miles south of Ackerman, Mississippi, on February 8, 1930. 
Cotypes are in the collection of the Department of Entomology 
of the Mississippi A. & M. College and my collection. 

Since no worker phase has been taken of nearcticum , a 
western species, I have not been able to compare my specimens 
with this species. From Stenamma brevicorne and its various 
forms my specimens differ in the following particulars: (1) larger 
eyes (which have 6-7 large ommatidia in their greatest 
diameter) ; (2) the reticulate-foveolate sculpturing of the 
head; (3) the transverse rugulae on the basal surface of the 
epinotum ; (4) the longer and somewhat subcampanulate 
shaped postpetiole; (5) the deeper body coloration; and (6) by 
the more highly glabrous surface of the head and thorax. 
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Myrmica schencki spatulata var. nov. 

Worker. — Length: 4.3-4.6 mm. 

Head, excluding mandibles, distinctly longer than broad, with 
rounded posterior border and posterior angles, and convex sides. Eyes 
prominent, * oval, convex, placed at a distance from the mandibles 
greater than their largest diameter. Mandibles well developed, 
triangular, with 7 or 8 distinct teeth, the apical 3 the most strongly 
developed. Clypeus strongly convex; viewed laterally, it is decidedly 
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Pig. 1. Lateral view of a worker of Myrmica schencki var. spatulata. 

Pigs. 2, 3, 4. Various views of the very large and strikingly spa tula te -shaped 
lobe at the base of the antennal scape of the worker. 

(All greatly enlarged. Illustrations by Mrs. S. H. DeBord.) 

protuberant. Frontal area triangular, impressed. Antennas 1 2-seg- 
ment ed; scapes robust, surpassing the posterior border of the head, each 
with a very large lobe at its base, which when viewed froin above is very 
huge and strikingly spatulate in outline; funiculus each with the last 3 
distal segments enlarged but scarcely forming a distinct antennal dub. 
Thorax viewed laterally with a distinct pro-mesonotal suture, the meso- 
epinotal region strongly impressed dorsally, less so laterally, but not 
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fonning a distinct suture. Epinotal spines long and acute, directed 
backward and upward, the spines about as long as the face of the 
declivity of the epinotum. Petiole viewed in lateral profile with 
flattened superior surface which meets the anterior surface in an almost 
distinct right angle; below with a short, blunt, anteriorly projecting 
spine. Post-petiole viewed from the same profile as the petiole, wider 
dorso-ventrally than antero-posteriorly. Gaster from above oval, the 
apex with a distinct sting. 

Mandibles, clypeus, frontal area, declivity of epinotum, appendages 
and gaster shining; remainder of body subopaque. Mandibles coarsely 
and longitudinally striated; clypeus similarly sculptured. Head 
coarsely rugulose-reticulate with finely punctate interspaces. Thorax and 
petiole coarsely rugulose, the rugulae with a distinct longitudinal trend. 

Pilosity yellow; coarse, suberect to erect, moderately abundant over 
all parts of the body, more reclinate on the legs. Pubescence of the 
same color as the pilosity, closely appressed to the body and so sparse as 
not to obscure the surface. 

Color highly variable in different specimens, in general, yellowish- 
brown to reddish-brown; appendages lighter, gaster black. The 
dorsum of the head, thorax, petiole and postpetiole more or less 
irregularly infuscated and as a rule darker than the rest of the body 
except the gaster. 

Female. — Length: 5.5-6 mm. 

Very similar to the worker in all respects but proportionally larger. 
The head bears three not very distinct ocelli, which are arranged in a 
nearly equilateral triangle. The sculpturing of the body although 
similar to that of the worker is much coarser. On the thorax, especially 
the sides, the rugulae are regular, almost equi-distant, and have a longi- 
tudinal trend. 

Pilosity and pubescence hardly distinct from that of the worker. 

Color much deeper than that of the worker; dark reddish-brown, 
with the infuscation on the dorsal surfaces of the body darker, thus 
giving the ant from above a blackish appearance. 

Described from 6 workers - and 4 dealated females, all of 
which were taken from a nest in the soil in a low heavily-wooded 
area, subject to occasional inundations, 5 miles west of Stark- 
ville, Mississippi. Cotypes in the collections of the Department 
of Entomology of the Mississippi A. & M. College, the collection 
of Dr. W. M. Wheeler, and my collection. 

Formicinse. 

Camponotus (Colobopsis) obliquus sp. nov. 

Soldier. — Length: 3.5-3*75 mm. 

Head subcylindrical, somewhat longer than broad, with subparallel 
sides, rounded posterior border, and rounded posterior angles. The 
anterior truncated surface decidedly oblique, only faintly concave, its 
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edges carinate along the sides but rounding off above in the clypeal 
and adjoining regions. Mandibles small, with flattened upper surfaces, 
each with 4 distinct teeth and a short, toothless, proximal portion. 
Clypeus on the truncated surface sub-rectangular, somewhat longer than 
broad, not very noticeably broader above than below; viewed laterally 
the clypeus is slightly raised above the surface of the cheeks and man- 
dibles. Frontal carinse far apart, diverging posteriorly for the greater 
part of their length, then paralleling each other for the remainder of the 
space. Eyes moderately large, sub-elliptical, gently convex, situated 
on the posterior half of the head. Antennae 12-segmented; scapes 
curved, gradually enlarging distally, and extending a slight distance 
beyond the posterior comers of the head. Thorax robust. Prothorax 
and mesothorax when viewed in lateral profile forming a long, gentle 
arch. Mesoepinotal suture distinct. Base of epinotum cleft; viewed 
laterally the base appears flattened and slightly shorter than the concave 
declivous surface, which it meets in a very pronounced angle. Petiole 
low, convex in front and above, flattened behind, the posterior dorsal 
border impressed centrally. Gaster oval. 

All of the head except that posterior to the eyes opaque, very coarsely 
reticulate-rugose with punctate interrugal spaces; remainder of head 
finely shagreened, smooth and shining as is also the thorax, petiole 
and gaster. 

Cheeks and anterior dorsal surface of the head with short, erect, 
blunt, yellowish hairs. Erect but rather sparse hairs on the vertex 
of the head, the gastric segments, especially the posterior edges, and 
a few on the tips of the antennal scapes and femora. 

Anterior half of head reddish-brown; posterior half black; funicular 
segments infuscated. Thorax, legs, and petiole brown. Gaster black; 
in some specimens the first and second segments are tinged with yellow. 

Described from three soldiers which were nesting in a cavity 
in the husk of a hickory nut, Caryce sp. The nut from which 
the specimens came was gathered by Mr. J. M. Langston in a 
low pasture, five miles southwest of Starkville, Mississippi. 

One cotype each in the collection of the Department of 
Entomology of the Mississippi A. ( & »M. College, the collection 
of Dr. W. M. Wheeler, and my Collection. 

This species is distinct from any of the other North American 
Colobopsis which I have yet seen. With respect to the shape 
of the head of the soldier (that is, its parallel sides) it would 
appear to be allied to C. impressus. It differs from the latter 
species, however, in many respects, notably: (1) its much 
smaller size, (3.5-3.75 mm.) ; (2) the much coarser sculpturing 
of the head; (3) the less. concave, truncate surface of the head; 
and (4) the more rectangular shaped clypeus. 



THE IDENTITY OF ZENILLIA BLANDA O. S. AND 
ZENILLIA VIRILIS A. & W. WITH NOTES ON 
ZENILLIA BLANDITA COQ. 

(Diptera, Tachinidae). 

W. P. Sellers, 

Assistant Entomologist, U. S. Bureau of Entomology, 

Melrose Highlands, Massachusetts. 

Many collections of native insects are reared annually at the 
Gipsy Moth Laboratory for the purpose of ascertaining to what 
extent introduced parasites of the gipsy moth ( Porthetria 
dispar L.) and the brown-tail moth ( Nygmia phaeorrhoea 
Donovan) are attacking native hosts. Owing to this, nearly 
all the tachinids in the collection of this laboratory are reared 


1. virilis Z. blind* 

Fig. 1. Diagram of left anal spiracle of puparium of Zenillia virilis A. & W. 
Fig. 2. Diagram of left anal spiracle of puparium of Zenillia blanda O. S. 

specimens, and it is possible, in the majority of cases, to associate 
the puparia with the flies. The detection of certain differences 
in the puparia of Zenillia blanda O. S. ( = Zenillia blanda blanda 
O. S. of Aldrich and Webber (5)*) and Zenillia virilis A. & W. 
( = Zenillia blanda virilis A. & W.) led to a study having for its 
object the determination of specific differences in the adults 
themselves. 

Figs. 1 and 2 are diagrammatic sketches of the left anal 
spiracle of the puparium of each species. 

From these figures it is readily seen that these puparia are 
quite distinct on the ba,gis of the arrangement of the spiracular 

•Reference is made by number {italic) to 1 ‘Literature Cited,” p. 576. 
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entrances. The puparia of Zenillia virilis are easily differ- 
entiated by their three rather straight spiracular entrances 
from those of Zenillia blanda, which have four twisted or 
serpentine spiracular entrances. Greene (4) figures a puparium 
that he calls Exorista boar mice Coq., but which is now Zenillia 
blanda O. S. He notes that the second spiracular entrance 
from the bottom is rather long. In the puparia of this species 
examined in the course of the present study, this entrance did 
not seem to be constantly longer than the one immediately 
above it. 

In a paper by Aldrich and Webber (5) Zenillia blanda and 
Zenillia virilis were considered merely subspecific, as only the 
males could be separated. Specimens of this sex are readily 
distinguished by the presence or absence of pollen on the third 
and fourth abdominal stemites. It was, therefore, with the 
object of attempting to separate the females that a study was 
made of a series of female specimens associated with puparia. 
A very constant character was discovered, namely, that an 
inner ventral bristle, called by Parker ( 3 ) a submesotibial 
bristle, was present on blanda females and lacking on the females 
of virilis. A series of males was next checked for this character 
and both species were found to lack the bristle in that sex 
This character has been used by Stein ( 6 ) and Lundbeck (7) in 
separating the European species of the genus Carcelia. It is 
interesting to note that this bristle is present in both sexes of 
Zenillia blandita Coq., which is mentioned in this paper because 
of its striking similarity to blanda and virilis. 

All specimens in the collection were arranged and studied 
according to the hosts from which they were reared to determine 
if this played a part in defining the limits of variation. While 
studying these series of males and females associated with 
puparia, it was noted that there'was a certain definite relation- 
ship between the number of stemopleural and dorsocentral 
macrochaetae in Zenillia blanda and Zenillia virilis. 

Key.* 

With two stemopleural and three postsutural dorsocentral macrochaetae; 
apical scutellar bristles normally turned backward. Male abdomen with 
the third and fourth segments shining brown or black on the venter, 
contrasting with the pollinose second; inner forceps slender apioally, 

•Designed to fit in Aldrich and Webber’s (5) key to the genus Zenillia, 
couplet 25. 
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alrtiost straight, ending inwardly at apex with a small tooth, hairy about 
two-thirds of their entire length. Male and female lacking an inner 

ventral bristle on the midtibia virilis Aldrich and Webber 

With two stemopleural macrochaetae and a stemopleural bristle (rarely 
indistinguishable from the surrounding stemopleural hairs) and four post- 
sutural dorsocentral macrochaetae; apical scutellar bristles normally 
turned upward. Male abdomen with the third and fourth segments 
pollinose on the venter; inner forceps rather thick apically, outwardly 
with long hair to the last fifth, which is bent at an obtuse atngle. Male 
without and female with an inner ventral bristle on the midtibia, 

blanda Osten Sacken. 

With three strong stemopleural and four postsutural dorsocentral macro- 
chaetae, strong apical scutellar bristles turned backward. Male and 
female with an inner ventral bristle on the midtibia blandita Coquillett. 


The characters used in the key to separate these species are 
not absolutely constant. It was found in the course of a careful 
study of the specimens involved that in no case did a specimen 
depart from the characters mentioned below in more than one 
respect and this in only very few instances. 

Fifty-six Zenillia virilis adults exhibited the following 
percentages of variation : 86 per cent had two stemopleurals on 
each side, 9 per cent had two on one side and three on the 
other, and 5 per cent had three on each side; 86 per cent had 
three dorsocentrals on each side, 7 per cent had three on one 
side and four on the other, and 7 per cent had four on each 
side. In all the specimens examined the inner ventral mid- 
tibial bristle was lacking. 

Three hundred and ninety-three Zenillia blanda adults 
exhibited the following percentages of variation: 93 per cent 
had three stemopleurals on each side, 4 per cent had two on 
one side and three on the other, 3 per cent had two on each 
side; 98 per cent had four dorsocentrals on each side, 1 per cent 
had three on one side and four on *he other, and 1 per cent 
had three on each side; in 96 per cent of the males the inner 
ventral midtibial bristle was absent, 6 per cent had it present 
on one side and absent on the other, 8 per cent had it present; 
96 per cent of the females had the inner ventral midtibial 
bristle present, 3 per cent had it present on one side and absent 
on the other, and in 1 per cent it was absent. Except for a few 
flies obtained from Archips cerasivorana and A. fervidana, ah 
the specimens examined had the inner ventral bristle absent 
on the males and present qp the females. 

The following two tables were drawn up to show the host 
relationship in the case of each species. 



TABLE I. 

Host Relationships of Zentllia blanda O. S. 
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TABLE II. 

Host Relationships of Zenillia virilis A. and W. 


•S .§ fi * 

i! ni- 

■fa 

<b 

Ijifl 

53 l| $ 

d w 

|.$ ii i 

iE( 2 S 8 

a g<g 


8 8 e s 

I 8 8-9 S 


*0 S ba 8 

j_ o p 

.g'sisg 

s^.s 8 


00 •fHiHCQ'H • -NN 05 


iHH^H^JCCCOHNHHHCDO 


hhhhONhh(OhhhhQ 




w In 

908 =a 


|g>* 

lQ-d -25 




2-2 S 

HJaS 


II 3 e-5 Si«.* l-5f§ 2 w 

Js>| I £ I -3 " I ■“ §.«fO$, 

•§ 3 3 3 3 ’1 *2 ^2 2 -8 *3 ^ 

g ££££§ 8 gj$ §.■§*.§£ 


hh N ^ 


§S|S 2 


co 05 *^ f-H 
O »-i QO 05 


« « * * 


grtl g : 

I Mia 

l' s 2 2 | 

3 §||| 

|&8|S 

mu 

* # 


573 


ter hosts. fin this case it was the first generation of Ceratomia catalpa B. d. 
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Larvae of both these species normally emerge from the host 
pupa, but occasionally form their puparia within the host. 
Individual records show further that both forms hibernate as 
maggots in the host pupa. In the cases considered in this 
paper, if parasitic on hosts producing adults in the same season, 
both parasites completed their development that season; but if 
parasitic on hosts that pass the winter in the pupal stage and 
emerge the following spring or summer, the flies likewise did 
not emerge until the following spring. The only exception to 
this was a fly reared from Sphecodina abbotii Swain, and this 
may have been because the host apparently passes the winter as 
an imago within the pupal case. Zenillia virilis and Zenillia 
blanda were found to have five hosts in common, and in six 
instances both species were recovered from the same collection. 
The adults of the summer generation emerged from the middle 
of July until fall, and those coming from the overwintering 
hosts issued from spring until the early part of August. 

The Zenillia blanda adults noted in Table I have been 
recovered from 74 localities in the following states: Connecticut 
(2), Maine (7), Massachusetts (37), New Hampshire (2), New 
Jersey (9), New York (5), Pennsylvania (1) and Rhode Island 
(11); whereas the Zenillia virilis adults noted in Table II have 
been recovered from 31 localities in the following states: 
Connecticut (4), Maine (9), Massachusetts (9), New Hampshire 
(1), New Jersey (G), New York (1), and Rhode Island (1). 
Published distribution records by Aldrich and Webber (5) of 
specimens of blanda from other than those places already 
mentioned are as follows: Maryland, Virginia, North Carolina, 
Kansas, Arkansas, New Mexico, Arizona, Colorado, Florida, 
Cuba and Peru. Owing to possible misidentification, some of 
these records may concern virilis. The locality records of 
Kansas and the Federal District, Mexico, given by Aldrich 
and Webber for virilis undoubtedly refer to this species, since 
only male specimens were concerned. 

Additional Notes on Zenillia blanda O. S. 

The following material at the Museum of Comparative Zoology, 
Cambridge, Massachusetts, was examined: Osten Sacken’s type, one 
female specimen labeled as bred from Thanaos brizo, and four specimens 
in the C. W. Johnson collection labeled Exorista boarmia. Osten 
Sacken’s type was labeled ‘‘25° from the S. H. Scudder Collection,” 
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"Type,” "bred from Cynthia cardui J. rufipes." The fly, a male, had 
two strong and one weak stemopleural bristles; four dorsocentral 
macrochaetae; apical scutellar bristles weak and turned up; third and 
fourth stemite pollinose; midtibia with two posterior, one outer, and no 
inner bristles. The anal spiracles of the puparium which was pinned 
with the type specimen, are like those figured by Greene (4) under the 
name of Exorista boarmice and in this paper under the name of Zenillia 
blanda. The specimen bred from Thanaos brizo had two strong stemo- 
pleural bristles on one side and two strong and one weak on the other 
side; four dorsocentral macrochaetae; apical scutellar bristles turned up; 
inner ventral bristle present. A number of field collected specimens 
were all blanda except one female, which was virilis. 

At the Boston Society of Natural History among the several Zenillia 
blanda specimens as now rearranged is one male labeled “ Ex Depress aria 
heracliana, Salisbury Cove, Maine, VII-6-23. ” 

Howard and Fiske (2) mentioned a specimen of Exorista boarmice 
Coq. as having been reared from a collection of brown-tail moth larvae; 
this is the same specimen listed in Table I as being from that host. 

Owing to the confusion of female characters in blanda and virilis as 
treated by Aldrich and Webber (5) their host list is not cited in this 
paper. 


Additional Notes on Zenillia virilis A. and W. 

The stemopleural and dorsocentral characters used by Coquillett ( 1 ) 
for Exorista blanda are those given for Zenillia virilis in the key in this 
paper. The examination of the type of blanda has proven Coquillett’s 
conception of this species to be erroneous. Undoubtedly there has 
been much misidentification of blanda and virilis as now known, where 
Coquillett’s classification has been followed. Because of this fact the 
three specimens recorded by Howard and Fiske ( (2) T ables I V and V) as 
Exorista blanda are probably to be regarded as virilis. These specimens 
are distinct from the five flies from Porthetria dispar listed in Table II 
of the present paper, which were originally identified as blanda by the 
same workers. * 

In the material at the Museum of Comparative Zoology, Cambridge, 
Massachusetts, one female Zenillia virilis was discovered among the 
Zenillia blanda material. Two specimens, one male and one female, 
determined as Zenillia ( ?)blandita proved to be virilis. In the Johnson 
Collection three specimens labelled as Exorista blanda were found to be 
virilis. 

In the collection at the Boston Society of Natural History several 
specimens of Zenillia virilis were found in the Zenillia blanda and the 
Zenillia blandiia material. 

Aldrich and Webber (£) record one male from Papaipema harrisii 
Grote and one male from Ennomos subsignarius Hubn. (the latter 
reared at the Gipsy Moth Laboratory). 
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Notes on Material of Zenillia blandita Coq. Examined. 

The following specimens were studied: One female determined 
by Webber, at the Gipsy Moth Laboratory, labeled No. Saugus, Mass. ; 
one male determined by Aldrich, in the Johnson Collection, labeled 
Washington, D. C.; and one female in collection at the Boston Society 
of Natural History, labeled Aubumdale, Mass. These specimens 
agree with the characters given in the key. Despite the distinctive 
characters and large size of this fly, it is well named blandita because of 
its close resemblance to Zenillia blanda. Aldrich and Webber (< 5 ) give 
as the only host Sarrothripus revayanus Scop. 
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MANUAL FOR THE STUDY OF INSECTS, by John Henry 
Comstock, Anna Botsford Comstock and Glenn W. Herrick; 
pp. 1-401, colored frontispiece and 633 figures. The Comstock 
Publishing Company, Ithaca, N. Y. 

The reappearance of this classic in its new and completely revised 
form will bring pleasant memories to all American entomologists of the 
older generation as it opened to many the first door to an entrancing 
world. It is pleasing that the authors have retained its previous form, 
even to the color and material of the binding, though the volume has 
been reduced to half of its former thickness by the use of thinner paper. 
The younger entomologists will be interested .to know that it took ten 
years to complete, that much of it was written in the early morning 
between the hours of four and eight o'clock, that the illustrations of 
insects are wood cuts engraved during this period by Mrs. Comstock, 
which was an equally arduous task. The present edition, the nineteenth, 
is completely revised, a work started by Professor Comstock and 
completed by Professor Herrick. After thirty-six years the Manual 
still ranks among the best of beginning texts because of the very great 
amount of able and painstaking work put into it by Professor and 
Mrs. Comstock. 4 c. h. k. 



THE BIONOMICS OF DIBRACHOIDES DYNASTES 
(FOERSTER), A PARASITE OF THE 
ALFALFA WEEVIL. 


H. D. Smith,* 

Assistant Entomologist, Cereal and Forage Insect Investigations, 

Bureau of Entomology, United States Department of 
Agriculture, Hyferes, France. 

INTRODUCTION 

The hymenopterous parasite, Dibrachoidesdynastes (Foerster,) 
dealt with in this paper, is considered to be the most important 
prepupal and pupal parasite of the alfalfa weevil, Phytonomus 
posticus (Gyll.), a species of weevil accidentally introduced into 
the United States, where it has proven extremely injurious to 
alfalfa in Utah, Idaho, and neighboring States. 

During the course of the parasite-collection work carried on 
at the European Parasite Laboratory of the U. S. Bureau of 
Entomology at Hyferes, France, to procure parasites for ship- 
ment to the United States, it was found more feasible to rear 
this parasite in quantities in the laboratory than to collect it 
in the field. To accomplish this, many thousands of full-grown 
weevil larvae were collected in the latter part of April by sweep- 
ing, brought into the laboratory, and allowed to spin their 
cocoons, after which they were placed in cold storage at a 
temperature of from 10° to 13° C. as a constant source of supply. 
Through the use of this material and one fertilized female 
parasite the greater part of the following notes was obtained. 

LIFE CYCLE OF THE HOST IN THE VICINITY OF 
HYERES, FRANCE 

The eggs of Phytonomus posticus are found, from January 
to May, inclusive, in the dry or green alfalfa stems. The first 
larvae make their appearance in the early part of March and 
after feeding inside the stalk for several days they crawl to 
the leaf buds and leaves where they complete their feeding. 

About the middle of April the larvae finish feeding and drop to 

• 

*The writer offers grateful acknowledgment to Dr. H. L. Parker for his advice 
and helpful criticisms of the manuscript and to A. B. Gahan for furnishing data on 
the synonymy. 


577 



578 


Annals Entomological Society of America [Vol. XXIII, 


the ground where they spin their cocoons. These are white, 
more or less oval, coarsely woven, and very flexible, and are 
usually found attached to fragments of dead leaves or rubbish 
on the ground. The adults emerge from these early cocoons 
the latter part of April and remain in diapause until the follow- 
ing December. 

The larvae of the main brood appear about the latter part 
of March and form their cocoons the first part of May, the 
adults emerging a week or two later and remaining in diapause 
as do those of the early brood. 

Occasionally a few scattered weevil larvae may be found in 
the field during the summer and fall. 

SYNONYMY OF THE PARASITE 

The earliest definite reference to this species of parasite in 
literature appeared in 1841 when Foerster (3) described the 
female under the name Pteromalus dynastes. 

In 1912 Webster (13) made the first biological notes on this 
species but was unable to determine it. 

Finally in 1913 Kurdjumoff (5) created the genus Dibrach- 
oides and designated Pteromalus dynastes Foerster as the type. 
He also listed Pteromalus communis (Nees) as a synonym but 
questioned it. 


DISTRIBUTION 

The first specimen of this species was recorded from Germany 
by Foerster (3) in 1841. In 1911 W. F. Fiske collected a large 
number near Naples, Italy. A few years later Kurdjumoff (5) 
collected some at Poltava, Ukraine, Russia. Since then it has 
been found by T. R. Chamberlin (1) at Hy&res, Toumon, and 
Lons-le-Saunier in France. It was introduced into the United 
States and was artificially colonized in Utah in 1911 (13) from 
the Salt Lake City Laboratory. L. P. Rockwood later (10) 
recorded it from the State of Washington. 

ECONOMIC IMPORTANCE 

No extensive inquiry has been made regarding the amount 
of parasitism existing in the field but in one heavily infested 
locality near Hyfcres, in 1929, it was 5 per cent, and the few 
records of previous years show that this is about the maximum 
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rate of parasitism. As the experiments show that this parasite 
winters over as an adult, with probable high mortality, its im- 
portance as a check on the host may be somewhat lessened. 
Up to the present, however, it appears to have the highest 
percentage of parasitism and the widest distribution of any of 
the parasites in Europe found attacking the cocoon stage of 
the weevil. 


LIFE HISTORY AND HABITS 

EMERGENCE 

After the change to the adult stage both sexes remain 
quiescent in the host cocoon for a period of from 3 to 20 hours 
depending on the temperature. Even if the cocoon has a hole 
large enough to permit their escape they do not issue until 
this “resting period” is terminated. Eventually they begin 
the search for openings and if none is found they cut a few 
strands of the cocoon with their mandibles. As they are 
intermittently searching for openings and cutting the network 
the hole made by the first issuing parasite may serve as an exit 
for the others, or if this hole is not discovered by them each may 
make its own. The males are usually the first to emerge. 

From 100 pupal hosts parasitized in the laboratory and kept 
at temperatures corresponding to those in the field 370 adult 
parasites emerged, making an average of 3.7 per host. The 
average emergence per prepupal host was not determined but 
as fewer eggs are laid on this stage than on the pupal host the 
average would be somewhat less. 

MATING 

The males are sexually active just previous to or immedi- 
ately after their emergence from the host cocoon but the females 
are not so until the second day. Copulation takes place after 
emergence from the cocoon, though sometimes the male mani- 
fests his sexual activities before this time by a process of pre- 
liminary “courtship” maneuvers. The female, however, does 
not permit actual copulation. The males do not perceive 
readily the difference between sexes as when males alone were 
placed in containers they would go through a part of the pre- 
liminary maneuvers with other males, often mounting, upon 
their backs, from which they are quickly thrown. 
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The male does not usually become aware of the female’s 
presence until he touches her with his antennae, whereupon he 
becomes greatly excited. His antennae are directed towards 
the female and vibrate rapidly as his body sways from side to 
side. He then attempts to mount, usually from the rear. The 
female is constantly on the move when harassed by the male 
but stops as he climbs upon her back. In this position with his 
legs gripping her thorax the male places his head between the 
antennae of the female and strokes them with his own, and also 
occasionally with his mouthparts. He then stops the stroking, 
raises his body slightly, and flutters his wings very rapidly. 
These preliminary movements may be practiced one or several 
times before an actual attempt at copulation is made; when, 
however, they are completed the male moves backwards and 
curves his abdomen under that of the female and attempts the 
act of copulation. If the female desires the act she remains 
quiet and allows the contact to be established; if not, she lowers 
her abdomen and moves away, thus causing the male to fall 
off. At other times the female may raise her wings to loosen 
his hold or merely lower her ovipositor so that he can not reach 
the genital opening. Usually many repetitions of these pre- 
liminary movements are necessary before copulation takes 
place. The length of time required for coition is from 0 to 15 
seconds. When copulation is terminated the male moves away 
to rest for a short time and returns to attempt it again. 

The female apparently permits only one copulation during 
her life, though unable to prevent the male from indulging in 
the courting preliminaries for short periods at various times. 
The sexes were found to mate very readily at any time of the 
day in vials 8 by 1.5 cm. in size, at' temperatures from 18° to 
28° C. and somewhat more quickly if left apart for about 2 
days after emergence. 


OVIPOSITION 

Oviposition may begin on the second day after emergence 
but generally it does not commence until the third; it never 
begins, however, until after the female has located, stung, and 
fed upon the host, a process which is described under “Methods 
of Feeding.” j 

Egg laying takes place at any hour of the day or night at 
temperatures between 18° and 30° C., the optimum being about 
23° C. 
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The preferred stage of the host seems to be the prepupal 
and after that the pupal. 

The female crawls over the coarsely woven host cocoon, 
feeling through the network with her antennae for the location 
of the already paralyzed host. If she does not find it in this 
manner she will thrust her ovipositor into the cocoon and locate 
it with that organ. She spends from 5 mintues to several 
hours with occasional rests feeling over the host with the tip 
of the ovipositor and pushing and pulling it into a suitable 
position. 

When ovipositing upon a prepupa, the female takes a position 
with her ovipositor thrust through the network of the host 
cocoon and resting between the segments of the thorax. An 
egg, enveloped in white mucous liquid, moves down the inside 
of the ovipositor until it is entirely free from the genital orifice, 
suddenly appears on the outside of the ovipositor, and is pushed 
towards the host. When it reaches the tip of the ovipositor 
it does not immediately slide off but sticks there momentarily 
and the pressure of the stylets behind pushes it into a round 
ball which snaps off onto the host, quickly assuming its original 
shape. Usually several eggs are deposited in this manner 
without change of position but occasionally the operation may 
terminate after only one is laid. The female then crawls to 
another part of the cocoon and either tries to place these eggs 
in a more favorable location by manipulating them with her 
ovipositor or lays others. After laying 3 to 5 eggs she usually 
feeds, either on the host just paralyzed or on a new one. In 
the majority of cases the eggs are placed together in an irregular- 
ly shaped group on the ventral surface of the thorax. 

When laying eggs upon a pupal host the operation differs 
slightly. The female maneuvers around the host until her 
ovipositor rests between one of the wing pads and the abdomen, 
and the eggs are pushed under the wing pads as far as possible. 
If 3 or 4 eggs are laid under one wing pad the first laid are often 
pushed under so far that they come out from under the other 
edge and lie in an exposed heap between the wing pads. In 
other respects the laying procedure is the same. 

Very often the ferpale is either unable to release the egg or 
else she can not find a suitable location and it is wiped off on the 
cocoon as she withdraws her ovipositor. If the egg projects 
above the cocoon she pushes it inside with her mouthparts or 
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the tip of her abdomen and later attempts to place it on the 
host. Eggs are occasionally found on the cast larval skin. 
She is not usually successful in placing these eggs on the host 
and many of them dry up and fail to hatch while the larvae 
which hatch from the others die before reaching the host. 

OVIPOSITION PERIOD 

The oviposition period extends over the greater part of the 
life of the parasite. Beginning two days after emergence it 
continues until within a few days before death. If the female 
is presented with an abundance of suitable host material, at 
from 20° to 30° C., the oviposition period lasts from two weeks 
to one month. 


NUMBER OF EGGS LAID 

The maximum number of eggs laid by a single female was 
122 and these were laid a few every day for a period of four 
weeks. The maximum number of eggs found on one host 
(a pupa) was 16 and the minimum 1. The average number per 
host for 50 individuals observed was 3 on the prepupa and 4 
on the pupa. The maximum in 24 hours at 23° C. was 26 on 
9 prepupae and the average was 8 on 3 prepupae. At 18° C. 
the maximum daily rate was 11 on 2 prepupae and the average 4. 

THE EGG 

The egg (PI. I, fig. 1) is translucent whitish in color. The chorion 
is thin and elastic with a -smooth, shining surface. It is simple in 
form, slightly arched, and has a number of very fine ridges irregularly 
placed and running more or less longitudinally. The average length is 
0 42 mm. and the average width 0.16 mm. 

t 

$ 

incuba’tion 

At temperatures ranging from 25° to 30° C. the period of 
incubation ranges from one and one half to two days, depending 
upon the location of the egg on the host. The developing 
embryo can be seen near the center of the egg as a cloudy 
white oval body. When the larva is fully formed the chorion 
is ruptured at the anterior end and the larva emerges. 

Moisture plays a very important part in the incubation of 
the egg, as it was observed that when the eggs are placed under 
the wing pads or in the crevices between the segments of the 
prepupa, where it is more humid, they hatch in a minimum of 
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time with practically no mortality, whereas when they are 
placed on the exposed surface some of them dry up and fail to 
hatch and the incubation period of the others is slightly 
increased. 


FIRST INSTAR 

The newly emerged larva (PI. I, Fig. 2) is about 0.45 mm. long and 
0.18 mm. wide. It is widest at the thorax and tapers gradually to the 
caudal end. It is translucent whitish in color, smooth and shining, 
and consists of a head and the usual 13 segments. 

The head (PI. I, Fig. 3) is white, slightly more chitinized than the 
body, and bears a pair of small fleshy conical antennae. Around the 
mouth are 3 pairs of small sensorial spines, one pair anterior to the 
labrum, one pair laterad of the mandibles, and one pair laterad of the 
labium. The labrum bears 4 pairs of sensorial organs in the form of 
circles. The mandibles (PI. I, Fig. 4, A) are 0.015 mm. long, arched, 
sharply pointed, testaceous in color, with 10 to 15 minute teeth on the 
inner margin. Each mandible is supported at its base by two chitinized 
arms or mandibular “apophyses” (after Parker) (7), the superior one 
extending to the interior only a short distance and. the inferior one 
uniting with that of the opposite side to form a continuous support. 
The labium, which is a fold of soft tegument below the mouth, bears 
G pairs of small circular sensorial organs. Each segment of the thorax 
has 3 pairs of small sensorial spines and each abdominal segment 
2 pairs; these spines are situated as follows: two dorso-lateral and two 
lateral rows extending from the first thoracic to the l()th abdominal 
inclusive, and two ventral rows on the thorax with one spine on each 
segment. The anal segment is not bilobed. Extending around the 
body on the anterior border of each segment there is a narrow band of 
very minute tegumentary spines visible only under the highest magni- 
fications. 

The respiratory system (PI. I, Fig. 2) is composed of a main longi- 
tudinal trunk on each side of the body united anteriorly in the first 
thoracic and posteriorly in the eighth abdominal segment by transverse 
commissures. There are 4 pairs of ofJfen spiracles, a pair on the second 
thoracic segment and each of the first three abdominal segments. The 
dorsal branches in each segment arise from the lower part of the spiracu- 
lar branch, and not from the main longitudinal trunk, as is the case in 
most chalcids heretofore studied. The ventral branches arise from the 
main longitudinal trunk near the bases of the spiracular branches. 

SECOND INSTAR 

The average larval length is 0.62 mm. and the average width 0.29*mm. 
The inferior mandibular apophyses are not united by a transverse 
chitinous arm under the jpouth as was the case in the first stage but are 
separated like the superior pair. The mandibles (PI. I, Fig. 4, B) are 
approximately the same size as in the first instar but less chitinized 
and the teeth are more prominent. Their shape has changed entirely 
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and resembles that of the mature larva, being broader at the base and 
not hooked at the tip. The sensory spines and antennae are much smaller 
than in the preceding stage but their arrangement is the same. There 
is an additional pair of short sensory spines between the antennae. 
The labium and maxillae are fused and have 4 small sensory spines on 
each side together with 4 circular sensory organs, one of which is 
elevated slightly above the surface. The body has lost the band of 
minute spines around each segment. There are 9 pairs of spiracles 
present, 1 pair to each of the last 2 thoracic and first 7 abdominal 
segments. The color is light brown. 

THIRD INSTAR 

The larva averages 1.25 mm. by 0.46 mm. The color is the same 
as in the previous instaf . The spines and antennae are slightly larger. 
The mandibles are longer and the teeth somewhat more prominent. 

FOURTH INSTAR 

The larva averages 1.74 mm. by 0.70 mm. The color is pink or 
clay. The spines, antennae, and dentate mandibles are all slightly 
larger. 

FIFTH INSTAR 

The average length of the fifth instar or mature larva (PI. I, Fig. 6) 
is 2.83 mm. and the average width 0.95 mm. It is of a typical chal- 
cidoid form, somewhat spindle shaped and slightly curved. It is 
usually pink in color owing to the distended stomach containing the 
red fluid of the host’s Malpighian tubes. If these tubes are untouched 
it is a clay color arising from the fluids in the body cavity of the host. 
After leaving the host to cast its meconium it is always gray. The 
cuticle appears smooth and shining under low magnification. The 
sensory spines of the body and their arrangement are the same as in 
the first instar. 

The head (PL I, Fig. 5) is very smooth on its upper surface and 
sides and bears a pair of fleshy conical antenna?. The sensory organs 
of the head are arranged the same but are larger than in the three pre- 
ceding instars. There are two additional pairs of organs in the form of 
circles, one pair laterad of the labrum and the other between the labrum 
and antennas. The labrum has 5 pairs of circular organs. The mandi- 
bles (PI. I, Fig. 4, C) are 0.0526 mm. in length, with the superior margin 
nearly straight and the inferior margin slightly curved, and bear from 
10 to 15 small teeth each. 

The respiratory system (PI. I, Fig. 6) is practically the same as in 
-the second instar except for a general increase in the number and 
length of the branches. There are also rudiments of a tenth spiracle 
on the eighth abdominal segment but it is not open to the exterior. 

The digestive system consists of the mouth, a short, slightly en- 
larged pharynx, a somewhat shorter and narrower oesophagus, a very 
large stomach, and a short hind intestine. There are two salivary 
glands, one on each side of the stomach extending from near the posterior 
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end of the stomach to the floor of the mouth, and 3 very short Malpighian 
tubes attached to the anterior end of the hind intestine. 

The muscular system is composed of 4 groups of longitudinal muscles, 
with 5 muscles in each, 2 dorso-lateral and 2 ventro-lateral. There are 
also 10 oblique muscles on each side from the third to the twelfth 
segment, each crossing 3 segments and extending anteriorly in a dorso- 
ventral direction from just laterad of the lower dorso-lateral muscles 
to a point beyond the ventro-lateral group. 

PREPUPA 

When the larva becomes full grown it leaves the host and crawls 
about in the cocoon for a few hours. After coming to rest it com- 
mences the prepupal stage by expelling all the material in the intestines. 
During this operation a slight constriction forms between the thoracic 
and abdominal segments and the head is more transparent. The color 
is light cream. 

PUPA 

Male: Length 2.10 mm., width 0.75 mm. Female (PI. I, Fig. 7): 
Length 2.70 mm., width 0.82 mm. 

The pupa when first formed is entirely white. At 28° C. the color 
changes within a few hours to pale yellowish brown. In about 3 days 
at this temperature the mouthparts turn brown and the ocelli and eyes 
become reddish. A day later the head becomes black. On the fifth 
day, first the thorax and then the abdomen turn black and after a few 
hours the adult emerges. The males may be easily distinguished at 
any time from the females by the fact that in the males the distance 
between the last pair of legs and the caudal end is much shorter. When 
the pupae are mature the male is further distinguished by the light 
yellow spot near the anterior portion of the abdomen. The males are 
usually smaller than the females. 

ADULT 

The adult female is about 3 mm. long. The head and thorax are 
dull metallic green. The antenna is dark brown, except the scape, 
which is testaceous. The legs are testaceous, except the coxae, which 
are concolorous with the thorax, and'the apical tarsal joints, which are 
dark brown. The abdomen is brownish-black with bronzy to brassy 
green metallic reflections. The wings are hyaline. 

The male is about 2.3 mm. long. The head and thorax are bright 
metallic blue-green. The scape is very pale testaceous and the club 
and base of pedicle are fuscous. The rest of the antenna is testaceous. 
The legs are pale testaceous, except the coxae, which are concolorous 
with the thorax, and the apical tarsal joints, which are dark brown. 
The abdomen is dark brown with bluish green reflections and a large 
yellow more or less rectangular area near the base. 

This species may be readily distinguished from the other 
pteromalid parasites of the alfalfa weevil by its large size and 
its excavated occiput. 
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DEVELOPMENT AT DIFFERENT TEMPERATURES 

An experiment was carried out to determine the period of 
development of each of the immature stages of the parasite and 
these are summarized in Table I. 

When full grown larvae were kept at temperatures of from 
8° to 13° C. many expelled some or all of their meconium but 
failed to reach the pupal stage. At lower temperatures the 
larvae died in about two weeks without any change other than 


TABLE I. 

Rate of Development of Immature Stages of Dibrachoides dynastes (Poerst.) 
Average of 25 Individuals. 


Temperature 

and 

Humidity 

Length of 
Egg 
Stage 

Length of 
Larval 
Stage 

Length of 
Prepupa 1 
Stage 




25°-30° C. 
40%-60% 

1 % days 

5 days 

8 hours 

5 days 

12 days 

2 hours 

9 hours 

18° C 
60%-80% 

3J 4 days 

9 days 

1 days 

11 days 

25 days 

20 hours 

8°-13° C. 
60%-80% 



9 days 

i 



9 days 


an occasional discharge of the meconium. Pupae placed at 
temperatures of from 8° to 13° C. changed very slightly, rarely 
becoming black. The body turned light brown and the eyes 
pink and remained thus as long as they were at these temper- 
atures or until they died. If kept under these conditions over 
4 or 5 weeks their vitality was greatly lowered, as only a few 
emerged when gradually exposed to warm temperatures and 
these lived only a short time. _ - 

LARVAL FEEDING AND GROWTH 

If the egg is in contact with the body of the host, the larva 
on hatching begins at once to feed at that point and usually 
remains there until through feeding. If laid away from the 
host, either on the cast larval skin or the cocoon, it proceeds to 
search for the host but usually dies before reaching it. After 
the feeding is completed the larva leaves the host and crawls 
about in the cocoon for a day or so before expelling its meco- 
nium, When there are 5 larvae on one host, the resulting 
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adults are usually smaller owing to the lack of available food 
and they reach maturity sooner than when there are but 3 or 
4 larvae to a host. These latter numbers appear to be the 
optimum from the standpoint of the parasite. 

HABITS OF THE ADULT 

The females are somewhat negatively phototropic, especially 
when kept over several months without hosts. When placed 
in a large vial, darkened at one end, they usually crawl to the 
dark end and remain there more or less motionless. If a broken 
host cocoon is placed in the vial, whether darkened or not, the 
female will crawl inside of it and remain there for several days. 
The males seek the light more eagerly and are more active 
than the females. 

At all temperatures from 0° to 32° C. both sexes are more or 
less active, as is noticed by their occasional change in position 
from day to day. Some females at 0° C., however, did not 
move and appeared dead but soon revived when brought into 
a warm room. Above 30° C. they were most active and the 
females did not oviposit. 

METHODS OF FEEDING 

The adult male and female will feed on honey or sugar 
solution but the preferred food of the female is the body fluids 
of the host. 

The male does not feed from this source. 

When about to feed on the host the female examines the 
cocoon very carefully with her antennae. She then thrusts her 
ovipositor inside of it and vefy cautiously stings the host 
causing it to twist and turn spasmodically for several minutes. 
After that she merely holds her organ inside waiting for the 
host to roll against it. Sometimes she is able to keep her 
ovipositor in the host for several seconds and in that case it 
will writhe violently for a long time, and during this period 
she rests on the cocoon with her ovipositor withdrawn. She 
stings the host from 3 to 100 times before it is completely 
paralyzed, taking from 10 minutes to 8 hours. On the whole it 
requires less time to' paralyze the prepupa than the pupa and 
this fact may account somewhat for the female’s preference of 
the former as host. 
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DEVELOPMENT AT DIFFERENT TEMPERATURES 

An experiment was carried out to determine the period of 
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When full grown larvae were kept at temperatures of from 
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TABLE I. 

Rate of Development of Immature Stages of Dibrochoides dynasles (Foerst.) 

Average of 25 Individuals. 


Temperature 

and 

Humidity 

Length of 
Egg 
Stage 

Length of 
Larval 
Stage 

Length of 
Prepupa 1 
Stage 

Length of 
Pupal 
Stage 

Period 
from Egg 
to Adult 

Time 

in 

Cocoon 

25°-30° C. 
40%-60% 

days 

5 days 

8 hours 

5 days 

12 days 

2 hours 

9 hours 

18° C. 
60%-80% 

3 Yz days 

9 days 





8°-13° C. 
60%-80% 



9 days 



9 days 
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atures or until they died. If kept under these conditions over 
4 or 5 weeks their vitality was greatly lowered, as only a few 
emerged when gradually exposed to warm temperatures and 
these lived only a short time. 

LARVAL FEEDING AND GROWTH 

If the egg is in contact with the body of the host, the larva 
on hatching begins at once to feed at that point and usually 
remains there until through feeding. If laid away from the 
host, either on the cast larval skin or the cocoon, it proceeds to 
search for the host but usually dies before reaching it. After 
the feeding is completed the larva leaves the host and crawls 
about in the cocoon for a day or so before expelling its meco- 
nium. When there are 5 larvae on one host, the resulting 
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adults are usually smaller owing to the lack of available food 
and they reach maturity sooner than when there are but 3 or 
4 larvae to a host. These latter numbers appear to be the 
optimum from the standpoint of the parasite. 

HABITS OF THE ADULT 

The females are somewhat negatively phototropic, especially 
when kept over several months without hosts. When placed 
in a large vial, darkened at one end, they usually crawl to the 
dark end and remain there more or less motionless. If a broken 
host cocoon is placed in the vial, whether darkened or not, the 
female will crawl inside of it and remain there for several days. 
The males seek the light more eagerly and are more active 
than the females. 

At all temperatures from 0° to 32° C. both sexes are more or 
less active, as is noticed by their occasional change in position 
from day to day. Some females at 0° C., however, did not 
move and appeared dead but soon revived when brought into 
a warm room. Above 30° C. they were most active and the 
females did not oviposit. 

METHODS OF FEEDING 

The adult male and female will feed on honey or sugar 
solution but the preferred food of the female is the body fluids 
of the host. 

The male does not feed from this source. 

When about to feed on the host the female examines the 
cocoon very carefully with her antennae. She then thrusts her 
ovipositor inside of it and ver\' cautiously stings the host 
causing it to twist and turn spasmodically for several minutes. 
After that she merely holds her organ inside waiting for the 
host to roll against it. Sometimes she is able to keep her 
ovipositor in the host for several seconds and in that case it 
will writhe violently for a long time, and during this period 
she rests on the cocoon with her ovipositor withdrawn. She 
stings the host from 3 to 100 times before it is completely 
paralyzed, taking from 10 minutes to 8 hours. On the whole it 
requires less time to paralyze the prepupa than the pupa and 
this fact may account somewhat for the female’s preference of 
the former as host. 
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After the host has become quiet the female crawls around the 
cocoon feeling with her antennae or thrusting in her ovipositor 
at different points in search of the spot upon which to erect the 
feeding tube. Occasionally she will move the host into a more 
desirable position with the tip of her ovipositor. When the 
desired spot is found, usually the dorsal part of the abdomen, 
the ovipositor is thrust through the cocoon and into the host 
at this point and the distal end moved around several times 
inside the host in a circular manner. The female does this 
intermittently for 2 or 3 minutes and then withdraws the 
ovipositor until only the tip is in the host. At this time a 
chalky white fluid flows down the ovipositor to the host and 
quickly hardens. This continues for about a half minute and 
then she slowly pushes the organ deeper until it is as far in the 
host as she can push it. After that she very cautiously and 
slowly withdraws the ovipositor completely, leaving a white 
tube attached to the host and projecting slightly above the 
network of the cocoon. The entire procedure lasts from 5 to 
10 minutes. Immediately after the ovipositor is withdrawn the 
female moves backwards and finds the end of the tube by the 
aid of her antennae. Occasionally, especially with old females, 
the tube does not form owing to an insufficient quantity of 
fluid, in which case the female becomes greatly excited after 
fruitless searching. She will then make another tube nearby. 
When the tube is finally formed and located she quickly be- 
comes calm and feeds by sucking the blood of the host through 
the tube. After feeding from 5 to 20 minutes without moving 
she leaves the cocoon and rests for several minutes before 
commencing to lay her eggs. 

It is not always necessary that the female erect the feeding 
tube from outside the cocoon, as the author has observed her 
in many cases deliberately enter, after the host is paralyzed, 
and erect one there. In this case the tube projects only just 
above the host’s body. A new tube is made for each feeding. 

The feeding tube is similar in color but twice as large in 
diameter as the strands of the cocoon. It is very delicate and 
lightly attached to the host, as a slight movement caused by 
turning the cocoon always results in severing it. It is there- 
fore very essential that the host be entirely paralyzed or the 
feeding by the parasite will be interrupted. 
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These operations incident to feeding are all very similar to 
those so aptly described by Lichtenstein (6), Picard (9), Voukas- 
sovitch (12), Faure (2), Trouvelot (11), Genieys (4), and 
Parker and Thompson (8), with closely allied chalcidoids and 
other parasitic Hymenoptera. 

EFFECT OF PARASITE ON HOST 

In her effort to paralyze the host completely the female 
stings it so violently that it dies. After one or two days the 
dead host has disintegrated to such an extent that it is no longer 
suitable to the female for oviposition, although she occasionally 
feeds from it at this time if no other source is available. 

TABLE II. 


Length of Life of Adults of Dibrachoides dynastes Under Various Conditions. 


Temper- 

ature 

and 

Humidity 

Food 

Num- 

ber 

Used 

Longevity of 
Female 

Num- 

ber 

Used 

Lorgevity of 
Male 

Maximum 

Average 

Maximum 

Average 

25°-30° C. 

Sugar solution 

10 

40 davs 

10 days 

10 

20 davs 

5 days 

407 r -60 r r 

Water only 

5 

6 days 

3 days 

5 

5 da> s 

2 days 

18°-24° C. 

Sugar solution 

10 

152 davs 

62 davs 

i° 

45 davs 

14 days 

40O/-60' r 

Water only 

5 

8 days 

5 days 

5 

5 days 

3 days 

8°-13° C. 

Sugar solution 

6 

8 months 

4 months 

4 

7 months 

3 months 

600-80';, 

Water only 

4 

1 month 

9 days 

4 1 

15 days 

7 days 

0°C. 1 

Sugar solution 

3 

3 months 

23 days 

10 

28 davs 

10 days 

60V80' ( ' 

Water only 

3 

26 days 

15 clays 

10 

18 days 

7 days 


PARTHENOGENESIS AND PROPORTION OF SEXES 

0 

Like most chalcidoids this parasite reproduces partheno- 
genetically when the progeny are all males. 

Judging from the material reared in the laboratory it would 
appear that the females are slightly more abundant than the 
males. Of 218 specimens, 111) were females and 1)9 males. 

LONGEVITY 

In order to secure data on the duration of the adult stage a 
number of each sex w^re placed at different temperatures and 
fed either with sugar solution or water. The results are sum- 
marized in Table II. 
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After the host has become quiet the female crawls around the 
cocoon feeling with her antennas or thrusting in her ovipositor 
at different points in search of the spot upon which to erect the 
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desired spot is found, usually the dorsal part of the abdomen, 
the ovipositor is thrust through the cocoon and into the host 
at this point and the distal end moved around several times 
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the tube. After feeding from 5 to 20 minutes without moving 
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It is not always necessary that the female erect the feeding 
tube from outside the cocoon, as the author has observed her 
in many cases deliberately enter, after the host is paralyzed, 
and erect one there. In this case the tube projects only just 
above the host’s body. A new tube is made for each feeding. 

The feeding tube is similar in color but twice as large in 
diameter as the strands of the cocoon. It is very delicate and 
lightly attached to the host, as a slight movement caused by 
turning the cocoon always results in severing it. It is there- 
fore very essential that the host be entirely paralyzed or the 
feeding by the parasite will be interrupted. 
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These operations incident to feeding are all very similar to 
those so aptly described by Lichtenstein (6), Picard (9), Voukas- 
sovitch (12), Faure (2), Trouvelot (11), Genieys (4), and 
Parker and Thompson (8), with closely allied chalcidoids and 
other parasitic Hymenoptera. 

EFFECT OF PARASITE ON HOST 

In her effort to paralyze the host completely the female 
stings it so violently that it dies. After one or two days the 
dead host has disintegrated to such an extent that it is no longer 
suitable to the female for oviposition, although she occasionally 
feeds from it at this time if no other source is available. 

TABLE II. 


Length of Life of Adults of Dibrachoides dynastes Under Various Conditions. 
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ature 

and 
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Food 
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ber 
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Longevity of 
Female 
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25°-30° C. 

Sugar solution 
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40 days 
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PARTHENOGENESIS AND PROPORTION OF SEXES 

Like most chalcidoids this parasite reproduces partheno- 
genetically when the progeny are all males. 

Judging from the material reared in the laboratory it would 
appear that the females are slightly more abundant than the 
males. Of 218 specimens, 119 were females and 99 males. 

LONGEVITY 

In order to secure data on the duration of the adult stage a 
number of each sex wefe placed at different temperatures and 
fed either with sugar solution or water. The results are sum- 
marized in Table II. 
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As most of the adults were inactive at 0° C. they were 
brought into the room for an hour or so every few days to enable 
them to feed. Those placed at from 8° to 13° C. were able 
to feed at that temperature but were brought into the warmer 
room for a half hour or so about once a week to be certain that 
they fed. One female kept at from 5° to 13° C. lived from the 
middle of July to the following February, whereupon she was 
changed to 22° C. to induce opposition. She laid 53 eggs and 
died March 15. If she had not been exposed to the higher 
temperatures she undoubtedly would have lived considerably 
longer. 

EFFECT OF CONTINUOUS LOW TEMPERATURE ON 
THE ADULT MALE 

When males were kept several weeks at constant temper- 
atures below 8° C. and allowed to mate at the end of that period 
the resulting progeny of the mated females were all males. 

SEASONAL HISTORY 

This parasite normally has two generations annually in the 
Hy&res district. The overwintering females parasitize the first 
weevil cocoons formed in the spring, which appear about the 
middle of April at Hy&res. From the first to the second week 
of May the females of the first generation of the parasite emerge 
and attack the host cocoons. At this time, however, the 
weevils are practically all in the cocoon stage and rapidly 
changing to adults, so the parasite can not lay her normal 
number of eggs owing to the lack of hosts. The second genera- 
tion of the parasite, therefore, is less numerous than the first. 
As there are usually a few Scattered weevils in the cocoon 
stage to be found from the middle of May to the following fall, 
there is also a possibility of the occurrence of one or more 
additional generations, depending on whether the parasite can 
find any of the few scattered hosts present during that period. 

HIBERNATION 

All experiments made in the laboratory under conditions 
more or less comparable with those in the field tend to show that 
the parasite passes the winter as an adult. 
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HYPERPARASITISM 

No hyperparasites of this species were reared by the author 
but Chamberlin (1) records a eulophid, Pleurotropis sp., as 
parasitizing the pupae of D. dynastes to a small extent. 

HOSTS OTHER THAN PHYTONOMUS POSTICUS 

Adults of D. dynastes have been reared from field-collected 
cocoons of Hypera nigrirostris (Fab.) by L. P. Rockwood. 
The author has bred this parasite in the laboratory from cocoons 
of Hypera punctata (Fab.) and has reared as many as 13 full- 
sized adults from one host. 
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EXPLANATION OF PLATE 
(All drawings much enlarged.) 


Fig. 1. Eggs. 

Fig. 2. First instar larva, lateral aspect. 

Fig. 3. Head of first instar larva, ventral aspect. 

Fig. 4. Mandibles of first (A), second (B) and fifth (C) instars. 
Fig. 5. Head of mature larva, ventral aspect. 

Fig. 6. Mature larva, lateral aspect. 

Fig. 7. Pupa of female, ventral aspect. 


LIST OF ABBREVIATIONS 


a 

. . . antenna. 

mr.. . 

. . .maxillary region. 

aa. . . 

. . .superior mandibular apophysis. 

pa... 

. . . inferior mandibular apophysis. 

b... 

. . .band of minute spines. 

r 

. .minute ridges. 

ib. . . 

. . . imaginal bud of male repro- 

s. . . . 

. . sensorial spines. 


ductive organs. 

t. . . . 

. .tentorium. 

lir... 

. . . labial region. 

te . . 

. .minute teeth. 

m — 

. . .mouth opening. 

tu. . . 

. . tubercle-like projection with 

ma. . 

. . .mandibles. 


circular area at tip. 
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NOTES ON THE LIFE-HISTORY OF 
LINDORUS LOPHANTHL®.* 


Stanley E. Flanders. 

Lindorus lophanthce (Blaisd.) is a common coccinellid pre- 
dator of red scale. If fruit heavily infested with red scale is 
placed in a container the larvae of Lindorus appear in numbers 
as soon as the minute larvae, which are usually present, increase 



Fig. 1 . Last stage larva ef L. lophanlha feeding. 

in size. That larger larvae are not found to be so plentiful on 
the fruit when on the trees is probably due to the fact that the 
young larvae are active and have a tendency to drop off or 
crawl on to the limbs. 

- When black scale eggs were glued to the fruit the larvae 
in the third and fourth instars seemed to prefer them to red 
scale. In order to obtain oviposition records it was necessary 

•Paper No. 215, University of California, Graduate School of Tropical Agri- 
culture and Citrus Experiment Station, Riverside, California. 
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to use black scale as a stimulus for egg deposition. In the 
field oviposition probably occurs on the limbs bearing red 
scale infested fruit. The writer has not as yet observed any 
eggs on the fruit. The instinct of the female to insert its eggs 
in crevices is illustrated by the fact that it occasionally will fill 
the space between the abdomen and elytra of dead adults with 
a mass of eggs. 

The adult Lindorus is convex-oval in shape and varies from 
2 to 3 mm. in length. The males may be distinguished from 
the females by the bifid claws of the first and second pair of 
legs and the emarginate posterior edge of the last abdominal 
segment. Mating occurs readily in confinement. 



Fig 2. Eggs of L. lophanthce deposited among black 
scale eggs glued to cardboard. 


When paired and placed in a vial with an abundance of 
black scale eggs one female deposited among the black scale 
eggs as many as 144 pearly while or yellowish eggs. These 
eggs are elongate-oval and are approximately % mm. long. 

Egg deposition begins on the third day after emergence. 
Just prior to depositing an egg the female is especially active, 
pivoting, and moving jerkily and sometimes exhibiting a 
pugnacious manner toward individuals near her. Oviposition 
may extend over a period of 20 days. The maximum daily egg 
deposition for one female was 25. 

Although Lindorus exhibited a fondness for black scale eggs 
it can be reared successfully on them only after the second 
eedysis. Newly-hatched larvae placed on black scale eggs 
suffered a heavy mortality and the length of the first instar was 
three times that of those feeding on red scale. Moreover, all 
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of the second stage larvae died with an abundance of black 
scale present. 

On the third day of incubation of the egg the enteron of 
the embryo becomes yellowish in color and on the fourth and 
fifth days the dark gray larva is visible within the egg. Upon 
hatching the entire larva is silvery gray and the ocelli are red. 
Shortly afterward the head capsule turns black. The body is 
.6 mm. long upon hatching and just prior to first ecdysis is 
1 mm. long. Two distinct dark dots on the first thoracic 
segment and four caudal hairs characterize this stage. In its 
following stages the larva is fringed with hairs. The body color 
after each ecdysis changes from a dark gray to light yellow. 
The young larva usually seeks a crevice such as under a loose 
fruit button in which to undergo ecdysis. The newly emerged 
last stage larva is approximately 3 mm. in length. A character- 
istic mark on the larva is a yellow dorsal streak due to the 
color of the middle third of each of the first four abdominal 
segments. 

The life cycle is as follows: 

Egg stage 5-6 days 

First larval instar 3-3 days 

Second larval instar 2-3 days 

Third larval instar 3-4 days 

Fourth larval instar 6-8 days 

Pupal stage 4-5 days 

Many larvae can be reared in a small container such as a 
Petri dish 4 inches in diameter without a high degree of canni- 
balism. The writer placed 120 larvae of all stages in such a 
container and reared all but 5 per cent. The pupal stage is 
most subject to injury by the larvae. 



RESPONSE OF THE ARGENTINE ANT (IRIDOMYRMEX 
HUMILIS MAYR) TO EXTERNAL CONDITIONS.* 


Lucile Hertzer, 
Stanford University. 


The following observations were made in an artificial 
formicary in the interest of recording the responses of the 
Argentine ant to varied conditions of humidity, temperature, 
and light, with particular reference to the care of their young. 

I. Humidity Chosen for Young 

In several of the larger formicaries under observation there 
were decided changes in the position of the young according 
as moisture varied. In order to find out if Argentine ant 
workers showed any preferences as to degree of humidity for 
different immature stages, a large formicary was made the 
subject of experiment. In this formicary all three young 
stages were present. There were three separate little shelters 
which they constructed out of particles of soil. Soil could be 
dampened directly in some places and be kept dry in others. 
By controling the dampness, the workers could be made to 
move their young to any elected spot as long as it was in the 
dark. 

1. Shelter “2” was dampened most, shelter “1” less, and 
shelter “3” not at all. The next day the driest shelter was 
vacant, a large pile of larvae anc^ another of eggs were in the 
dampest, and pupae were in the one only partly damp. 

2. Later the sponge was dampened and the next day it 
was found that both the eggs and larvae were near the sponge, 
while the pupae were in shelter “1 ” which was dry, but not the 
driest. 

3. The shelters were dampened as in 1 above. A day and 
a half later the positions occupied were as follows : driest place — 
deserted; less dry — pupae, a few eggs, and a few larvae ready to 
pupate; dampest — many eggs and larvae. 

*Contribution from the Entomological Laboratory of Stanford University, 
California. 
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4. Shelter “3” which had been deserted right along was 
dampened as well as shelter “2”, while shelter “1” was left to 
dry. 

Results as follows: shelter “1” (driest) — deserted, no young 
or workers; shelter “2” (dampest) — a large pile of eggs, a large 
pile of larvae, the latter being in the damper place; shelter 
“3” (less damp) — two large piles of pupae and some older 
larvae. 

5. One end of shelter “1” was dampened as well as No. 
“3”. 

Results: shelter “1” — pupae were in the dry part, young 
larvae in the damp part; shelter “2” (damp) — larvae; shelter 
“3” (damp) — vacant. 

6. Shelter “2” was made very damp. 

Results: shelter “1” — larvae in the damp part, pupae in 
the dry part; shelter “2” (very damp) — no young; shelter “3” 
(very dry) — no young. 

7. Shelter “1” — pupae in the driest part, larvae in the 
dampest part; shelter “2” — young larvae in the damper part, 
eggs in the less damp part; shelter “3 ’’(driest) — deserted. 

8. Shelter “ 1 ” (dry) — pupae ; shelter “2" (damper) — larvae ; 
shelter “3” (driest) — no young. 

9. Shelter “1” — larvae and eggs on damp side, pupae on 
dry side; shelter “2” (slightly damp) — pupae; shelter “3” 
(driest) — nothing. 

In seven similar cases pupae were kept invariably in the 
drier, and eggs and larvae in the damper part of the formicary. 
Few ants had been permanently in shelter “3”. An attempt 
was made to force them there by allowing “1” and “2” to dry. 

Results: shelter "3” (dampest) — eggs, larvae, most of the 
workers, all six queens; shelter “2” (dry) — deserted; shelter 
“1” (dry) — pupae. 

As no definite discrimination had been observed between 
humidity chosen for eggs and larvae, it was determined to 
dampen a space so small that all eggs and larvae could not be 
placed there at one time. 

Results in three cases were: 

1. Larvae in the dampest part; eggs in a less damp part 
close to the larvae; pupae in the driest. 
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2. Larvae in the dampest part; eggs an inch away in a 
less damp place; and pupae in the dry part. 

3. Pupae in dry part; eggs, a few larvae, and pupae where it 
was slightly damp; many larvae in the dampest part. 

Therefore, larvae of the Argentine ant are kept by choice 
in a relatively humid place, eggs in a slightly less humid position, 
and pupae in almost dry soil. 

Very damp soil is also avoided. On two occasions, large 
colonies moved with all their young out of a wet formicary 
across a foot of water to another formicary where conditions 
were identical except for less moisture. 

II. Temperature Preferred for Young in a Colony 

A jar of ice was placed at one end of a galvanized pan three 
feet long and eight inches wide; an electric bulb, at the other 
end. Soil was put in the bottom of the entire pan covering 
up the bulb. The temperature ranged from 56° at one end to 
122° at the other. Workers and pupae were placed at the warm 
end. One hour and a half later they had settled down in one 
spot with their young in a pile. The temperature at this 
place was 70°. During the night it became much higher at 
this place and the young were moved to the opposite side 
where the temperature was 83°, some degrees lower than at 
the place they had deserted. 

With another group of workers and young, the temperature 
chosen for the young was 77°. Using the same equipment, half 
the soil was dampened, and the other half left dry. Here two 
choices were to be made. The ants could choose almost any 
temperature and at the same time either dry or damp soil. 
Workers and larvae were introduced upon dry and warm soil 
over the bulb. One hour later they had settled with their 
young on the damp side at 80°. Several days later all the soil 
was dry except under the ice jar. The ice had entirely melted. 
The temperature had risen considerably on the dry end. The 
young were found under the ice jar at a temperature of 66°. 
Here they chose a lower temperature because it was damp. 
This shows the importance of sufficient humidity. 

In a glass tube a' ‘half inch in diameter and three feet long,, 
a half dozen workers and young were introduced. One end 
of the tube was chilled to 37° and the other was heated to 134°. 
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There were all degrees of temperature between. The ants 
with their young settled where the temperature was 80°. 

The workers chose for their young temperatures varying 
from 70° to 83° with 80° chosen most often, where temperature 
was the only factor. Where humidity entered in as a factor, 
they would choose a lower temperature in order to secure 
greater humidity, if moisture was not available at higher 
temperatures. 


III. Reaction to Light 

A Petri cell in which workers and young were established 
for several days was so arranged that one-half was in the 
light and the other half in semi-dark. The cell was turned so 
that the young were in the light. Workers immediately began 
carrying the one hundred eighty-six pupae into the dark. This 
was accomplished in nineteen minutes. One worker trans- 
ported a callow after all pupae had been moved. The light was 
then reversed. All pupae were again carried to the dark. 
A similar result was obtained each of ten times. The activity 
of changing the position of the young was often initiated by 
one ant. Others soon followed the example of the first. 

In but a few instances have young been brought out into 
light and then only in dull light. When the soil became too 
dry in Formicary “25”, workers twice carried part of their 
eggs and larvae out into dull light by a damp sponge. In 
Formicary “6” workers did the same on one occasion. In 
another instance, pupae were brought into the light when the 
soil was too damp. Young have never been observed in direct 
light in the field in natural conditions, but workers have been 
seen carrying pupae up between two rocks where blades of grass 
allowed a dull light to penetrate. 

In general workers with young show a definite negative 
reaction to light. 



STUDIES ON THE ARGENTINE ANT QUEEN 
(IRIDOMYRMEX HUMILIS MAYR).* 


Lucile Hertzer, 
Stanford University. 


I. Behavior of the Argentine Queen in 
' Brood-Rearing. 

In the case of many species of ants the queens of the colony 
rear to maturity a first brood of minim workers which assume 
all nest duties. The queen henceforth gives herself up exclu- 
sively to laying eggs. She feeds from the tongues of her 
offspring aM becomes indifferent to her young. She is prac- 
tically a parasite, “a mere egg-laying machine.” 

The following observation serves to show that the Argentine 
queen actually takes part in brood rearing and is not merely 
an egg-laying machine. In a certain artificial formicary, 
February 20, 1920, a queen assisted four workers in taking an 
active part in the care of eggs, larvae, and pupae. 

Observation 1. 

A pupa was emerging from the larval skin. The moulted 
larval skin was hanging to the tip of the abdomen. The 
pupa’s abdomen was undergoing strenuous contraction, the 
purpose of which was to rid itself of the shed skin. One or two 
workers had been licking the pupa almost constantly. At 
this time a worker carried the pupa toward the pile of young 
beside the queen. The queen took the pupa into her mandibles 
from the worker, placed it on the pile, and licked it with her 
tongue. After several minutes the queen removed the larval 
skin from the abdomen of the pupa with her mandibles. Taking 
this skin, she held it to the mandibles of the oldest larva that 
had not yet discharged the meconium. Soon she repeated this 
act. The observer was unable to determine whether the 
larva ate. Then the queen held her mouth to the larval 
mouthparts in the same manner that a worker regurgitates to a 

‘Contribution from tfte Entomological Laboratory of Stanford Un ; versity, 
California. 
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larva. Several minutes later a worker held the larval skin to 
the mouth of the larva, and then another worker did the same. 
It fell and another replaced it. The queen again licked the 
pupa. She held her mouth to the mouthparts of two larvae 
after which she put the larval skin partly in the mouth of the 
large larva. When she left, movement of the larval mouth- 
parts was observed. Evidently the skin was being chewed. 
A worker walking past the larva knocked the skin out. It was 
replaced by another worker and the chewing movements were 
again in evidence. The queen spent several minutes in cleaning 
two larvae and an older pupa. She then picked up the pupa, 
turned it on the other side, and cleaned that side. All this 
occurred in one hour. Several most important factors are 
shown : 

(1) This queen was taking an active ’part in both feeding 
and grooming the young. (2) The queen was as active as any 
worker in the care of the young. (3) The queen cared for 
young in the presence of workers. (4) Larvae will likely eat 
solid matter. 

Observation 2 — March 2. 

Dampening of the soil caused four workers to start moving 
the young in the formicary. The queen assisted, carrying 
separately eggs, larvae, and pupae. Then for thirty minutes the 
queen spent most of her time licking the young, cleaning 
nearly all of them in this time, and rearranging the whole pile. 
Workers also attended them, but the queen was fully as diligent. 
Occasionally she stopped to clean herself. Twice she received 
regurgitated food. Three times she cleaned workers. After 
thirty minutes activity slackened, and she stood quietly by 
the young. 

In five other formicaries queens attended by workers were 
observed on several occasions to aid workers in carrying young 
when the colonies were disturbed. In all these cases the 
colonies were small, fifteen workers being the greatest number 
present. 

It is interesting in this very successful species of Formicidae 
to find the queen not so specialized in habits but that she may 
share with the workers the care of the young. 



1930] 


Hertzer: The Argentine Ant Queen 


603 


II. Behavior of the Argentine Ant Queen with 
Reference to Colony Moving. 

We know that ant colonies move about from place to place 
according to the conditions of their environment. 

In order to determine the reactions of the queen with 
reference to the “moving phenomenon,” a number of experi- 
mental colonies were set up and studied, with the following 
results. In each case, a colony had become established in a 
Petri cell on a platform over water. The colonies consisted of 
queens accepted by workers of an alien colony of the same 
species. Each colony had selected its abode from a choice of 
two or sometimes three Petri cells. A colony could be made to 
move by regulating humidity or light. Light, excessive 
moisture, and excessive aridity are equally avoided. The 
purpose of this experiment was to determine the queen’s 
behavior — to see whether or not she selects the new living 
quarters, or follows the workers to the new place in the midst of 
moving activities, or moves because she is being left behind. 

Case 1. 

In the first instance the soil in the colony cell was allowed 
to dry. A second cell was more humid. Workers began to 
pass back and forth to this cell. In an hour the two colony 
queens went to the newly selected place, following the trail 
established by these workers. This trail covered a distance of 
twenty-six inches or what might have been directly accomplished 
in five inches. When the queens left, there were still ten workers 
in the cell. Twenty had already gone to the new place. Hence, 
the queens left in the midst of th# moving activity, not waiting 
until they had been deserted. One hour passed before the old 
place was entirely deserted by the workers. 

Case 2. 

The colony cell was allowed to dry. One and a half hours 
after a second cell had been made of more suitable humidity, 
three workers were inspecting it. Soon there was a quick 
influx of workers into this cell, and in ten minutes the two 
colony queens came to the new place. When they left their 
nest, there were still eight workers in the cell. Twenty-two 
were in the new place or on the way there. Again, the queens 
had followed to the new abode amidst moving activity. 
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Case S. 

Workers started moving to the new place in numbers, 
carrying immature forms there. When more than half the 
young had been carried to the newly selected site, and more 
than half of the seventy-five to one hundred workers had 
moved, the colony queen came to the new abode. She had 
caught the moving spirit and had gone to the new place when 
only half of her workers had left her. 

Case 4- 

The colony cell was over dampened The workers started 
transferring to another cell within five minutes. After twenty 
workers were in the new cell, the colony queen went there, 
following the trail that the workers took. When the queen 
left, there were fully fifty in her cell with her In this case 
the queen early caught the moving spirit, leaving after two- 
sevenths of the workers had transferred to the new place. 

Case 5. 

The colony’s cell was allowed to dry Within two hours 
after the soil in another cell had been dampened, it was being 
inspected by several workers. Twenty-five minutes later 
workers were moving young to the new place, following a 
definite trail. Ten minutes later the queen moved there when 
seventeen workers, or one-third of the colony was with her in 
her cell. Again, the queen left before she had been left behind. 

Case 6. 

In the sixth case of a colony moving from one Petri cell to 
another, the cause was disturbance by light Within fifteen 
minutes after an electric light •tfas turned on in a room, all were 
quite excited in their cell, and some began moving to the other 
cell. Workers kept passing back and forth between cells. 
Fifty minutes after the light was turned on, the queen left for 
the newly selected cell. Thirty workers were still in the colony 
cell when she left, while thirty-five had already gone to the new 
location. The queen moved in the midst of the moving activity 
when slightly more than half had gone to the new place. 

Case 7. 

In the seventh case of a colony moving, the cause was 
excessive humidity. The soil was dampened gradually so as 
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not to disturb the ants by a sudden deluge. In twenty minutes 
a few began moving to another cell on the same stage and some 
young were taken there. Twelve minutes later they deserted 
this cell for a third. They kept moving back and forth from 
their cell to this third one, carrying young over, but often 
returning with them. Three-fourths hour later the queen 
went there. Eight-ninths of the workers had already left 
when the queen went to the new place. 

Case 8. 

The colony cell became dry. A second cell was dampened. 
Workers started moving their young to this place. The queen 
went to the humid cell when one-fourth the workers had 
transferred. Within two hours after the second cell had been 
dampened, all the young and most of the workers were in the 
new abode. 

Case 9. 

A colony cell was permitted to dry out. A second cell was 
kept humid. During the next twenty-five minutes after a few 
workers began looking around in the moist cell, many workers 
moved there, carrying young with them. The queen finally 
went unaccompanied over to the new cell, following the trail 
that all the workers had traveled. When the queen went to the 
new place, eight-ninths of the workers had already transferred 
to the new place. 

Case 10. 

The cause of moving was the admission of light when a light 
was turned on in the room. Tlys time the queen went to the 
new place during the midst of the moving. When she left 
her place, there were twenty-five workers in the newly chosen 
cell, and forty still back in the old nest. She followed the same 
trail that the workers established. In this case five-thirteenths 
of the workers had moved when the queen did so. 

The queen in no case selected the new abode. Workers 
always chose the new location and established a definite trail 
there before the queen transferred. On going to the new place, 
the queen always followed the workers’ trail. The queens 
left for the new places when from one-fourth to eight-ninths, 
of the workers had gone to the new abode. She did not in 
any case wait until she was deserted before she moved. She 
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seemed to catch the moving spirit from the workers, becoming 
active and restless before leaving her cell, but leaving 
voluntarily. She is not picked up and carried to a place of 
safety as are the eggs, larvae, and pupae. 

III. Hostility Among Argentine Ant Queens and 
Among the Workers. 

During the course of an extensive study of the Argentine 
ant in artificial formicaries, an opportunity was afforded to 
study the relations of queens of this species to each other. 

According to the observation of Newell and Barber* “Queens 
never show the least hostility to each other.” “It was our 
custom to put all surplus queens into one colony. As many 
as several dozen queens were sometimes in a colony at once, all 
living peaceably together, and with the number of queens 
sometimes exceeding the number of workers.” 

While it seems to be quite true, as evidenced by many 
experiments as recorded elsewhere, that in this species the 
individuals of a colony and even of alien colonies are amicably 
disposed toward one another, “viciousness” does occasionally 
break out, as the following observations testify. 

On March 1, in a Petri cell in which for three days three 
queens of a certain colony called “k” had been confined without 
workers for a few days, one queen was found with only the 
left fore leg unmutilated. All other appendages were entirely 
or partly lacking. This queen was scarcely able to drag 
herself around. A second queen was also mutilated, retaining 
entire only three legs and one antenna. The third queen was 
unmutilated. Her thorax was slightly caved in, no doubt 
being injured during capture. This, however, did not seem to 
inconvenience her, though it may have had something to do 
with her subsequent behavior. At any rate it served as an 
excellent identification mark. Suspecting that this queen was 
the offender, she was carefully observed and in a half hour 
as she came in contact with the second queen, she lait her 
viciously. Fifteen minutes later, the performance was repeated. 
The attacker moved quickly and seemed greatly irritated, but 
she spent practically all her time in hiding. Observations at 
intervals up to ten o’cldck that night revealed no more attacks. 

•Newell, W. and Barber, T. C. The Argentine Ant. U. S. Dept. Agr. Bur. 
Ent. Bui. 122, pp. 50, 51, 1913. 
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By the next morning one mutilated queen was dead, and the 
other had portions of three more appendages bitten off. These 
appendages were removed between joints showing the effect of 
the queen’s biting rather than of pulling, which is evident 
in attacks by workers. This second queen died during the 
afternoon. 

Another “k” colony queen was then introduced. The two 
fed on honey side by side. After a while the fighter approached 
the other in a threatening manner with open mandibles, while 
the other cowered. Then the newly introduced queen was 
viciously grabbed by the hind leg, which was injured by the 
single attack. Each hid separately for two hours when they 
were prodded from their places. Running, they came in 
contact and several severe attacks followed, after which each 
lunged about frantically. Four workers of an alien colony 
of the same species were then introduced. The next morning 
one leg of the attacked queen was off beyond the femur, and 
one antenna lacked a few segments. During the next day all 
were apparently friendly, the queens tolerating each other. 
By the third day, however, the injured queen had suffered 
further mutilation. She died that afternoon. The fighting 
queen had killed three queens from the same colony as herself. 

To see whether or not this queen would join an alien colony 
of the same species, the cell, in which she had been established 
for nine days with one egg, was placed over water upon a plat- 
form on which another cell was present containing an “E” 
colony queen and “S” and “0” colony workers, established 
together as one congenial group for three days. Two hours 
after the exits of the cells were#opened, the isolated fighting 
queen was found by a colony worker. After a time more 
workers came, but not until almost two hours did this queen 
go to the colony cell. Her egg also was taken to the colony 
cell. Five minutes after she came to the colony, she was 
attacked by several workers. Some, however, engaged in 
cleaning her. Attacks were by no means continuous. Although 
this queen was not driven away, the next morning she was still 
occasionally attacked. Sometimes the two queens were 
together, but they wefe not evidently on good terms, because 
whenever they came bodily in contact with one another, the 
colony queen manifested definite and sudden withdrawal. 
After two days they were often together, but on the sixth day 
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the workers were attacking their own queen. Both antennae 
and one leg were off. The queens for the next few days were 
often together. On the third day three more of the legs of the 
colony queen were off, and by the fourth day her body had 
been dismembered. The fighting queen was now on good 
terms with these workers and retained all her appendages 
throughout the next couple weeks. Whether or not the “K” 
colony queen took part in killing the colony queen is doubtful. 

Another queen from “D” colony was introduced to this 
same group. Almost immediately she was attacked by workers. 
The fighting queen showed an irritability by several times 
opening her mandibles when the “D” queen approached, and 
finally she bit the “D” queen’s petiole. The next day the 
“D” queen lacked both antennae, but was thereafter tolerated 
but never closely associated with the “K” queen where the 
young were kept. Eight days after this “D” queen was 
introduced, the “K” queen was found to lack her two hind 
legs and an antenna. By this time the number of workers in 
the cell had greatly increased. Workers from a nearby colony 
had wedged into the cell. These were probably responsible 
for the mutilation of the “K” queen. Five days later this 
queen was beheaded. These workers had accepted permanently 
the “D” queen. 

This observation showed that as social as the Argentine is, 
it would appear that nevertheless its queens are not entirely 
free from antagonism. This queen killed three queens from 
the same colony as herself, and attacked queens of other colonies. 
She attacked queens both when workers were and were not 
present. 


IV. Hostility Among Workers. 

Under two different circumstances hostility among workers 
has been observed. 

1. Pseudo-hostility. 

On November 20, 1928, outdoors, workers whose abdomens 
were distended with food were noticed returning to the nest. 
These were attacked by workers of the same colony coming 
from the nest with empty abdomens. The attacked workers 
showed no hostility in retaliation, but pulled hard to free their 
legs, mandibles, or antennae from the grasp of their nest mates. 
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Sometimes they would free themselves and hurry on to the 
nest. Other times they would regurgitate to the worker, 
after which each cleaned itself and went on its way. One 
worker dragged its attacker a foot while the latter bit the 
other’s leg. Then it stopped and regurgitated. Sometimes 
two would attack the same ant at once and both share in the 
regurgitated food. The purpose of this pseudo-hostility was 
solicitation of food. 

2. Actual Hostility . 

Two workers had been caring for young with a few other 
workers for more than two months. For a month these two 
had been faithfully tending the few larvae alone. At the end 
of this time another worker was introduced. Soon one of the 
two attacked the newcomer on the leg and followed it around 
attacking its leg or antenna when opportunity offered. Each 
of them then several times bit the worker on the pedicel, causing 
it to dart away suddenly. After a half hour, the newcomer 
stayed away from the two workers who were keeping close to 
their larvae. Whenever the intruder came in contact with 
them, she withdrew hastily and in three days she was killed. 
One of the faithful ones died also, having lost two legs in the 
fight. Another strange worker put in was not permitted near 
the young, and died within two days. A third died a day later 
with an injured abdomen. The faithful worker later also died. 

A colony of queen and workers was established for two 
months with young. The number of workers was reduced to 
three. Workers from a table twenty-five feet away wedged an 
opening into the cell and thirty or more invaded it. There was 
great excitement in the cell. The opening was too small for 
the queen to leave. One worker was dead, being cut in two 
between the thorax and abdomen, a second was being severely 
attacked and died in an hour and a half, a third had two legs 
amputated and died later in the day. It appears highly 
probable that the workers attacked were those belonging to the 
queen. The queen herself was accepted. Her young were all 
eaten by the intruders. 
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as it should be done and is a book that should be studied for its methods 
by «very student of systematic entomology. c. H. k. 
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NOTES ON OREGON ORTHOPTERA WITH DESCRIP- 
TIONS OF NEW SPECIES AND RACES.* 

B. B. FulIon, 

North Carolina State College. 

While associated with the Oregon Agricultural Experiment 
Station, from 1919 to 1924, the writer collected and studied 
the Orthoptera of the state as opportunity permitted while 
carrying on the regular economic work. The more important 
results of these studies are brought together in this paper, 
which is not intended as a complete list of the Orthoptera of 
Oregon. The part on distribution and ecological relations is 
placed last so that reference to new species and races will not 
precede their description. 


PART I. 

Description of New Species and Races and Special Notes 
on Other Secies. 

Blattide 

Parcoblatta americana (Scudder) 

Large and very small nymphs found in the fall; adults in 
May. This species, like most of the family, leaves its hiding 
places at night and prowls about in search of food. One adtilt 
was observed chewing at a hole in an apple about six-feet 
above the ground. 

•Published with the approval of the Director of Research as Paper No. 39 
of the journal series. 
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Acrididse. 

Acrydium granulatum Kirby. 

This is the most common grouse locust and seems to have 
practically state-wide distribution. It is found on damp 
ground whether in meadow or woods, mountain slope or marsh. 
Adults taken in June, July, August and October. 

Telmatettix hesperus Morse. 

This species has been found only on gravel and sand bars 
of rivers, where it is abundant. Adults were taken on the 
Willamette River at Corvallis in September, and at Eugene in 
November on the Umpqua at Roseburg in August, and by F. 
H. Lathrop on the Klamath River at Hornbrook, California 
in August. 

Paratettix toltecus (Saussure) 

This species was collected by F. H. Lathrop at the junction 
of the Klamath and Shasta Rivers near Hornbrook, Calif., a 
few miles south of the Oregon line. Hebard (8) records speci- 
mens collected at Corvallis, June 24, 1925, by E. R. Buckell. 

Napaia aspasma (R. & H ). 

Found at the border line of forest and meadow at Woodruff 
Meadows, Jackson County, and one specimen among St. 
John’s- wort on the south slope of Jackson’s Hill, Corvallis, 
about a hundred feet from the forest border. This species 
stndulates by rubbing the hind femora against the tegmina. 
The song resembles that of Chloeatis cons per sa, being a series of 
faint rasps about three or four per second. The species was 
described from Syskiyou, Oregon, where it was taken around 
the border line of mountain-meadow and forest, as were the 
writer’s specimens. 

Chorthippus curtipennis oregonensis (Scudder). 

This race is very poorly defined. All of the Oregon material 
in the writer’s collection has smaller 'and. shorter antennae in 
the male sex than eastern specimens, but this is a very uncertain 
character for the difference is not great. In western Oregon 
the tegmina of the males are much shorter than the abdomen 
and those of the females are about equal to the head and pro- 
notam. ’ This does not hold true for specimens from Woodruff 
Meadows or eastern Oregon, in which the male tegmina reach 
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or exceed the tip of the abdomen. A median carina on the 
fastigium of the vertex and black marks on the sides of the 
metazone of the pronotal disk, characters used by Scudder to 
define oregonensis, may be found in both races. 

Arphia saussureana Bruner. 

This species was identified by comparison with a specimen 
from Albany, Oregon, in the Hebard collection, which con- 
tains many specimens from California. It is a common species 
all over western Oregon and is readily distinguished from 
Arphia pseudonietana, which is common east of the Cascades, 
by the yellowish ventral portions of the body. In the latter 
species this part of the body is dark brown or black. 

Camnula pellucida (Scudder). 

A striking difference in general color exists between speci- 
mens from western and eastern Oregon. In the west it usually 
has a dull brown ground color on which the dark brown spots 
are not conspicuous, while in the arid regions the ground color 
is pale yellowish buff with contrasting brown spots or the 
spots may be much reduced. 

This species is primarily a grass land species and does not 
occur to any extent under true desert conditions. It may be 
found abundant in mountains, valleys or in marshes, in eastern 
Oregon, and in hilltop or valley prairies in western Oregon. 
It has the unique habit of congregating for egg laying. At 
Fox, a bunch grass valley in the Blue Mountains, they selected 
small knolls or foothills near the forest, for their egg beds. 
The soil here was of hard textur^ or stony. Near Silver Lake 
and Klamath Falls the egg beds were in strips of tule or patches 
of grass above the general level of the meadow where the soil 
was full of matted roots. 

Conozoa wallula (Scudder). 

Although a number of species have been described in this 
genus the writer has not been able to discover any differences 
in Oregon specimens that are not covered by the range of 
variation. Specimens from near the type locality do not appear 
distinct from specimefts from other parts of the state. The 
carina of the prozone may be notched or deeply cut and the 
ventro-posterior angle of the lateral lobes varies from a rounded 
to an acute angle, but is not produced into a tooth. Color 
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varies from brownish gray to clay color, many having the meta- 
zone of contrasting yellowish color. Hind tibiae vary from 
yellow to bright red. 

Trimerotropis fontana Thomas. 

This species is quite variable in most of the characters used 
by McNeill (9) in separating the species of the caeruleipes 
group. The bands of the tegmina vary from much reduced or 
indistinct bands confined to the anterior portion or bands very 
much broken into small spots to very conspicuous bands con- 
trasting strongly with the ground color. The last variation is 
more common in the Rogue River Valley. The markings of 
the under side of the hind femora vary in all localities where 
large series were collected. They may vary from one preapical 
dark spot on a pale ground, through intermediate stages to those 
having a pale apical spot on a dark ground. The infuscation of 
the apical portion of the wing and the distinctness of the band 
also show considerable variation in any one locality. 

Trimerotropis koebelei (Bruner). 

Three males and three females from Upper Klamath Marsh 
compared with the type of this species from Placer Co., Calif., 
in the U. S. National Museum, appear to be the same species. 
The specimens were taken in an open pine forest near the marsh. 
The species is characterized by the dark bands of the tegmina 
being limited to the lateral field and by a conspicuous whitish 
band across the face below the eyes extending to the middle 
of the upper part of the lateral lobes of the pronotum. Part 
of a series of what is evidently T. fontana from McKenzie 
Bridge show these same color characters less conspicuously. 
It seems entirely probable that koebelei will prove to be no 
more than one of the numerous color varieties of fontana. 

Flight Stridulation of the OedjpodinjE. 

Arphia saussureana, A. pseudonietaha and Dissosteira 
Carolina produce a crackling flutter when they fly, the noise 
usually increasing as they suddenly descend from a horizontal 
flight. The sound may be compared to touching with a piece 
of paper a revolving wheel the spokes of which are evenly 
spaced. Trimerotropis fontana, T. pattidipennis and Conozoa 
wallula produce an undulating clatter in flight, a series of short 



1930} 


Fulton: Oregon Orthopterd 


615 


buzzing sounds not distinctly separated, at the rate of 3 to 5 
per second for the first two and somewhat faster for Conozoa. 
The sound is like touching with a paper a revolving wheel 
which has a few spokes missing on one side. Trimerotropis 
suffusus produces a series of distinct snaps, about 4 per second. 
To carry out the analogy we may say that this sound is like 
touching a paper to the same wheel after removing all of the 
spokes but one. Circotettix undulatus and C. shastanus make 
much louder and sharper snaps which can best be compared to 
electrics parks, and vary this with an occasional snapping buzz. 
When not disturbed they may be seen hovering in the air while 
making the slower snapping noise about 12 to 20 times then 
suddenly dart with a spiral or looping movement while making 
the rapid snapping sound. 

In a few experiments with some of the western Oregon 
Oedipodinae the writer found that removal of the hind legs did 
not affect the sound. If the tegmina are removed a distinct 
fluttering sound is made but the louder clatter or snapping 
sound is absent. With only the tegmina present the grass- 
hopper can fly a little but with no sound at all. When the 
posterior edge of the tegmina is trimmed off with a scissors the 
effect is the same as complete removal. Apparently the louder 
sounds are produced by striking the wings and tegmina against 
each other during flight. 

All of these grasshoppers have a habit of jerking the hind 
femora upward while walking on the ground. This produces a 
faint rasping sound which cannot be heard unless the insect is 
quite close. 

Hesperotettix brevipennis pratensis Shudder. 

Specimens from La Grande are very similar to specimens of 
this species from Iowa but specimens from Ontario, Ore., are 
pale brown rather than greenish in color and have the median 
line of the pronotum pale with narrow black borders. The 
species of the genus are extremely variable and difficult to 
determine. 

Melanophis lovetti* new species. (Fig. 1 — A, B, C, D, E.) 

Type, male; Woodruff Meadows, Jackson County, Ore., 
Aug. 5, 1922. Types deposited in U. S. National Museum. 

•Memorial to A. L. Lovett, who was with the writer when the species mats 
collected. 
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Frontal costa between antennae about as wide as interocular space, 
slightly wider below, narrowed above at junction with vertex to three 
quarters of width at antennae; broadly and shallowly sulcate below 
ocellus, slightly convex above. Scutellum of vertex widest at anterior 
margin of eyes. Vertical width of eyes one and a quarter times hori- 
zontal width. Metazone of pronotum more tectiform than prozone, 
anterior pronotal margin truncate, posterior margin very broadly 
rounded, median carina distinct throughout, lateral margins of disk 
nearly parallel on prozone, diverging slightly posteriorly on metazone. 



Pig. 1. A-E, Melanoplus lovetti. A, Lateral view of genital structures of type. 
B, Lateral view, middle femur, allotype. C, Dorsal view of same. D, Supra- 
anal plate, type. E, Cercus, type. F-H, Melanoplus borealis palaceus , type. 
P, Lateral view, genital structures. G, Cercus. H, Supra-anal plate. I-O, 
Cerci of saltator group of Melanoplus. I, M. validus calapooyce, from Divide. 
J, K, M. validus , extremes of atypical series from Woodruff Meadows, L, 

M. validus validus from Medford. M, M. validus pinicola from Klamath Lake. 

N, M. debilis? from Holland. 0, M. validus , atypical, from Upper Rogue 

River. , 

Prostemal spine cylindrical with short conical apex. Tegmina ovate, 
twice as long as broad, narrowly separated, apices angulate but rounded. 
Front and middle femora rather short and distinctly swollen, the ventral 
margins slightly concave in outline, the dorsal margins strongly arched. 
Middle femora with a rounded dorsal carina and dorso-lateral sulcus 
on the distal half. Interspace between mesostemal lobes quadrate; 
metastemal lobes sub-attingent. Dorsal surface of abdomen decidedly 
tectiform. Extremity of abdomen clavate and elevated. . Supra-anal 
plate triangular; lateral margins broadly rounded in outline, depressed 
on proximal three fifths; median sulcus broad and deep on proximal 
third, interrupted at proximal two-fifths by a low narrow transverse 
carina beyond which narrowed median sulcus fades into an elevated 
broadly convex quadrate area bounded laterally by slightly higher, 
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short, parallel carinas. Furcula, a pair of rounded lobes shorter than 
the segment bearing them. Cerci about as long as supra-anal plate 
but extending beyond; sides parallel at middle third, expanded at base 
to one and two-fifths times the middle width, lower margin nearly 
straight beyond middle, upper margin converging to a rounded tip, 
distal portion slightly hollowed externally. Subgenital plate with 
lateral margins straight in lateral view, sides below lateral margins and 
median portion distinctly concave so that the terminal portion is 
conical with a rounded apical tubercle. 

Color: Top of head, pronotal disk, tegmina and dorsum of abdomen 
dull brownish (Saccardo's umber to sepia 8 ). Underside ivory yellow to 
cream buff. Face ivory yellow on clypeus, cream buff to chamois above. 
Cheeks with a black patch extending below eyes, lower portion cinnamon 
buff. Sides of pronotum with a large black patch between the sulci with 
narrow extension above to anterior edge, remaining portion of anterior 
border and lower and posterior borders cinnamon buff. Sides of thorax 
and abdomen largely black except for narrow line of cream buff extending 
dorso-cephalad from hind coxae. Sides of subgenital plate black. 
Supra-anal plate and distal portion of cerci sepia. Fore and middle 
legs clay color above, paler below. Outer side of hind femur Naples 
yellow at extreme base, shading to clay color distally, dorsal edge clay 
color with three patches of snuff brown which extend downward as 
obscure bands on the upper part of outer face; ventro-extemal face 
rufous ; genicular lobes nearly black except distal halves of lower which 
are cream buff. Hind tibiae pale dull yellow {deep colonial buff), spines 
black. 

Allotype, female, same data as type. 

Differs from the type in the following characters: Frontal costa 
between antennae slightly narrower than interocular space and narrow- 
ing but little at junction with vertex. Pronotum relatively broader, 
with lateral margins of disk diverging more strongly and uniformly 
from anterior to posterior border, anterior and posterior margins of 
disk with very slight median emarginations. Tegmina relatively 
broader and more widely separated^ Interspace between mesostemal 
lobes a little broader than long. Narrowest part of interspace between 
raetastemal lobes about equal to length. Front femora not swollen. 
Middle femora more swollen than in the type, and decidedly arcuate, 
in dorsal view clavate and slightly sinuate the proximal three-fifths 
laterally compressed, the dorsal face flattened and sulcate distally. 

Color: Generally lighter and more yellowish than type. Face, 
cheeks, most of lateral lobes and metazone of pronotum Naples yellow. 
Prozone and top of head clay color. Upper third of lateral lobes between 
the sulci Saccardo's umber. Legs cinnamon buff , hind femur with two 
obscure oblique bands of clay color. Abdomen and thorax Saccardo's 
umber dorsally, dark sepia on sides. Hind tibiae pale brownish yellow 
with black spines. 

3 Names of colors in italics from Ridgway, Color Standards and Color 
Nomenclature, Washington, D. C. 
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Paratypes, 13 males, 4 females, same data as type. 


Measurements in Millimeters. 



Body 

Pronotum 

Tegmina 

Hind Femur 

Type 

17 

4. 

4 5 

9. 

Allotype 

23. 

5 

5. 

11. 

Paratypes: 

Males 

16.-18. 

4 

4 -4.5 

9.-10. 

Females 

21.-22. 

4 5-5. 

4.5-5. 

10.-11. 


One female paratype is lighter and more yellowish than the 
allotype, while two have about the same coloration as the type, 
including the rufous color on the ventral face of the hind 
femora. The males agree closely with the type except that 
three lack the rufous color on the ventral face of the hind 
femora and five have the borders of the lateral lobes of pro- 
notum of the same color as the disk. 

The species resembles M. immunis Scudder, from around 
Corvallis and M. rehni Hebard from Glendale and Siskiyou. 
The males can be distinguished from these species by the cerci 
which curve downward rather than upward. The females are 
readily distinguished by the peculiar middle femora. This 
species was found on the south edge of Woodruff Meadows in a 
small area which is so situated as to be shaded by the forest 
during most of the day. The ground was covered with moss 
and short grass. It was found less abundantly at the west 
edge of the meadow where the ground was damp and covered 
largely with herbs. None were found in the central portions 
or on the eastern and northern borders where the ground was 
dryer. 

Melanoplus immunis Scudder (12). 

This species is common on Mary’s Peak (type locality) and 
Jackson’s Hill near Corvallis, but to the writer’s knowledge has 
not been found elsewhere. Probably it is Confined to isolated 
-hilltop prairies. In commenting on a series of specimens col- 
lected by the writer in the above localities, Morgan Hebard 
states in a letter that they prove beyond question that M. 
usitatus Scudder (12) is a synonym. The types of the latter 
were from Corvallis and probably came from one of' the above 
places. 
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Melanopius borealis palaceus , 4 new subspecies. (Fig. 1 — F, G, H.) 

Type, male. Upper Klamath Marsh, Oregon, Aug. 11, 1922. 
Types deposited in U. S. National Museum. 

Fjrontal costa at junction with vertex as wide as interocular space; 
margins diverging slightly to ocellus, below that point subparallel, 
sulcate below ocellus. Horizontal width of eye four-fifths of vertical 
width. Pronotum truncate anteriorly, obtuse angulate posteriorly 
with broadly rounded apex. Median carina low on prozone, well 
marked on metazone. Prostemal spine in anterior view, slightly 
clavate, the apex a broadly rounded knob. Mesostemum slightly 
swollen, but uniformly so and in no sense tuberculate. Interspace 
between mesostemal lobes quadrate. Metastemal lobes attingent. 
Tegmina equal extremity of abdomen. Extremity of abdomen some- 
what elevated. Subgenital plate long and with apex considerably 
elevated, in caudal view broadly truncated, caudal face flattened and 
slightly hollowed just below the apex. Furcula a pair of elongated 
flattened lobes reaching nearly to the middle of supra-anal plate, the 
external margins subparallel with each other, the inner margins attingent 
for two-fifths of length, beyond diverging to apices. Supra-anal plate 
with sub-parallel high rounded lateral margins on basal three-fifths 
and with a pair of rather sharp but lower median carinae, the latter 
parallel as far as an obscure transverse carina near middle of plate, 
beyond that point diverging strongly as far as limits of raised lateral 
margins and beyond that point more elevated and diverging only 
slightly. Apical two-fifths of supra-anal plate triangular in outline and 
nearly plane except for the carinae described above and an obscure 
median groove. Cerci narrowing to apex, upper margin concave, 
lower slightly convex, apex obliquely truncated forming an acute but 
rounded angle with the upper margin; basal width about twice the 
preapical width. 

Color: Top of head and prozone dark olive , face and cheeks citrine 
drab. Lateral lobes and metazone olive brown. A black bar extends 
from eye to posterior sulcus of lateral lobe covering dorsal half of lobe. 
Tegmina sepia , with row of obscure barker spots in middle of lateral 
field. Antennae, fore and middle legs and base of hind femora clay 
color . Dorsal face of hind femora olive brown , external face olive brown 
mixed with clay color , ventral face and hind tibiae and tarsi vinaceovs 
rufous. Sides of thorax and base of abdomen black. Ventral side of 
abdomen nearly to apex of subgenital plate chamois , the sides with 
ground color of the same, heavily mottled with black. Sides and apex 
of subgenital plate black. 

Allotype, female; same data as type. Similar to type but 
considerably larger and stouter and with relatively more 
abbreviated tegmina, which fall short of tip of abdomen by 
6. mm. Colors similar to those of type but of slightly darker 
shades. Antennae have the same color as the hind tibiae. 

4 Pala, a shovel or spade, referring to shape of male subgenital plate. 
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Paratypes, 4 males, 7 females; same data as type. All 
males have the tegmina about equalling the tip of the abdomen. 
In the females the tegmina fall short of tip of ovipositor, from 
2 to 7 millimeters. Little variation in color. One male has 
sides of subgenital plate sepia instead of black. 


Measurements in Millimeters 



Body 

Pronotum 

Tegmina 

Hind Femur 

Type 

21. 

4.5 

14.5 

11.5 

Allotype 

Paratypes: 

30. 

6’. 

15.5 

15. 

Males 

19.-21. 

4.3-4. 7 

12.5-15 

11.5-12.5 

Females 

26.-30. 

5.5-6 5 

13.5-16.5 

13.5-15. 


These grasshoppers were found near the pine woods on the 
border of a large meadow land known as Upper Klamath 
Marsh, situated on the plateau between Crater Lake and Silver 
Lake. It differs from M. borealis monticola Scudder known 
from B. C. and Colo, in the elevated apex of the subgenital 
plate which shows no resemblance to the femur-rubrum group. 
In this respect it more nearly resembles M. borealis (Fieber), 
but judging by Scudder ’s figure (11) of that species it differs 
from it by having the subgenital plate more elevated than 
prolonged, the cerci less curved, and in lacking the sudden 
constriction of the elevated lateral margins of the supra-anal 
plate near its middle. In the shape of the subgenital plate it 
resembles M. bruneri Sc. and M. excelsus Sc. but differs from 
those species in the absence of a prominent tubercle on the 
mesostemum. 

* 

The Saltator Group of Melanoplus. 

Melanoplus saltator was described by Scudder (11) from 
Portland and Oregon City. His figure does not show the usual 
form of the cerci and was either taken from an aberrant specimen 
or incorrectly drawn. Normally the' apex is sub-truncate and 
with the caudo-ventral angle slightly produced into a rounded 
lobe. Later Scudder (12) described four more species in this 
group but did not so place them. They are as follows : Ascensus 
from Mt. Shasta, Calif., validus from Divide, Roseburg and 
Grants Pass with which were listed specimens from Portland, 
Corvallis, Philomath, Drain, Roseburg and Glendale; algidus 
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from Mary’s Peak; and debilis from Ashland and Siskiyou. 
The Willamette Valley specimens which Scudder listed with 
validus must have belonged to saltator if they were correctly 
labelled, but it seems strange that he would not recognize 
them for the male supra-anal plate is distinctly different from 
that of any of the other members of the group. Hebard (7) 
described another member of the group, calapooyce from speci- 
mens collected at Divide and Drain and states that Scudder’s 
specimens of validus from the former locality would belong to 
this species, and restricts validus to the more southern localities. 

The writer collected specimens of this group whenever 
opportunity permitted in an effort to delimit the range of the 
various species more accurately. Specimens from Portland, 
Forest Grove, Salem, Mary’s Peak, Alsea Mountain, Corvallis 
and from various points on the Corvallis-Eugene road up to 
the north edge of Eugene, all proved to be saltator and exhibit 
very little regional variation. The series from Mary’s Peak 
shows that Scudder’s algidus is undoubtedly a synonym. Two 
miles southeast of Eugene saltator was absent but in exactly 
the same type of habitat the writer found typical calapooyce. 
This was also found at Cresswell, Cottage Grove, Divide 
(Fig. 1, I) and Drain, showing that the range extends over the 
divide from the Umpqua Valley to the upper portions of the 
Willamette. South of Drain the writer’s collections are more 
fragmentary but four males from Medford (Fig. 1, L) and one 
each from Ashland, Canyonville, and Roseburg are indis- 
tinguishable by any characters yet discovered and are assumed 
to be Scudder’s species validus. Three males from Holland 
(Fig. 1, N) in the upper part of # the Illinois Valley are doubt- 
fully assigned to M. debilis * since part of Scudder’s series came 
from Siskiyou in the same range of mountains further east. 
One of the characters given by Scudder for this species is that 
most of both sexes have glaucous hind tibiae. In the other 
species the hind tibiae of the females are pink, red or reddish 
brown. Unfortunately no females were collected by the writer 
at this locality. 

The three males mentioned above and the males of all 
specimens ascribed here to validus have the hind tibiae bluish 
glaucous or dark bluish glaucous. The males of calapooyce have 

* Since this manuscript was written one of the above specimens wes sent to 
Hebard who identified it as the closely related M. ascensus described from 
Mt. Shasta. 
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the hind tibiae a cinnamon buff with the proximal half more or 
less suffused with brown on the ventral side and bluish glaucous 
on the dorsal side between the tows of spines. In saltator the 
male hind tibiae are generally dull bluish glaucous blended with 
cinnamon buff distally. A few have practically the same color 
of tibiae as calapooyce. The females from all localities have the 
hind tibiae light or dark red but in the vicinity of Eugene a 
large number of both saltator and calapooyce have this color 
strongly obscured with brown. 

A series of 19 specimens from Woodruff Meadows (Pig. 1, 
J, K) and 4 from farther up the Rogue River toward Crater 
Lake (Fig. 1, O) had coral red hind tibiae in both sexes. The 
male cerci of these series were compared to those from other 
localities by means of drawings made to the same scale by 
means of a cross lined eyepiece micrometer. As a group the 
cerci were intermediate in form between those of validus and 
calapooyce. Some proved to be almost identical with those of 
specimens from Medford or Drain. The Woodruff series also 
occupied an intermediate position in regard to the structure of 
the male subgenital plate which has a somewhat higher median 
production of the free margin in calapooyce than in validus. 
The writer was unable to separate the two on the characters of 
the supra-anal plate and is forced to the conclusion that cala- 
pooyce is of subspecific rank. The differences other than those 
mentioned are the slightly larger size, more robust form and 
generally darker color of the latter. In general color the Wood- 
ruff series is like calapooyce except in the color of the hind tibiae 
which is like the new subspecies described below from regions 
farther east. 

Melanoplus validus pinicola, 6 new 'subspecies. (Fig. 1, M ) 

This representative of the saltator group found in the pine 
forest east of the cascade divide seems worthy of subspecific 
rank. In linear arrangement validus would come between this 
form and calapooyce. 

Type, male, west side of Klamath Lake, Oregon, Aug. 7, 
1922. Types deposited in the U. S. National Museum. 

General structure similar to M. validus validus. Tegmina slightly 
longer than propotum, attingent, twice as long as broad, apical portion 
rectangular but apex rounded. Supra-anal plate with rectangular 


•Pinicola ■■ pine dweller. 
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basal portion and triangular apical portion of about equal length; 
basal portion one and a half times as broad as median length, with a 
median groove bounded by low ridges, lateral margins elevated; tri- 
angular portion with lateral margins not elevated and slightly convex 
in outline, median portion with broad groove bounded by low ridges 
which diverge anteriorly and with increased elevation curve outward 
and meet the lateral margins at the base of the triangular portion. 
Cerci narrowest near the middle, length nearly five times middle width, 
base twice the middle width; concave on both margins, the apex curved 
strongly inward and prolonged caudo-ventrad. Subgenital plate 
slightly elevated at apex; very similar in structure to that of M. validus 
validus. 

Color: Face and cheeks olive-buff. Ventral side of body, ground 
color of legs, and oblique bar on metapleura, cinnamon-buff. Dorsal 
portions of body a very dark brown. Lateral portions of meso- and 
metathorax and abdomen black. Shiny black postocular bar reaches 
to metazone. Fore and middle femora tinged with brown distally. 
Hind femora largely black on outer and dorsal faces, outer face with 
base and a V-shaped bar near middle cinnamon-buff, inner dorsal face 
with two bands of cinnamon-buff, ventral face deeply suffused with 
cord red. Hind tibiae coral red. 

Allotype, female; same data as type. 

Shows no structural characters to distinguish it from the female of 
M. vdidus vdidus. Color similar to type except that face and cheeks 
are olive brown and ventral faces of hind femora are less strongly 
suffused with red. 

Paratypes, 3 males, 2 females, same data as type; 2 males, 
2 females, Upper Klamath Marsh, Aug. 11, 1922; 1 male, 
1 female, Anna Creek, on road from Crater Lake to Fort 
Klamath, Aug. 7, 1922. 


Measurements in K[iu,imeters. 



Body 

Pronotum 

Tegmina 

Type 

17. 

4. 

4.8 

Allotype 

22. 

4.7 

4 5 

Paratypes: 

Males 

17.-19. 

4 

3.2-4 8 

Females 

20.-22.5 

4. 5-5. 4 

3. 8-5. 5 



Males of the pqratypic series are all very similar to the type 
in color, but the femalfes show some color phases of the same 
kind that occur in the females of other members of the saltator 
group. The two females from the type locality are similar to 
the allotype, the one from Anna Creek is entirely buff in color 
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with no dark marks, one from the upper marsh is buff with 
brown markings and the other is similar but with a decided 
reddish cast to the dorsal area. All of the paratypes have the 
coral red hind tibiae but about half of them lack any reddish 
color on the ventral face of the hind femora. 

Melanoplus mexicanus bilituratus (F. Walker). 

After studying a large number of specimens from all parts 
of the state the writer has concluded that all of the mexicanus 
(atlanis) group of Melanoplus in the collection should be placed 
in this race. The proportions of the male cerci vary from a 
little less than twice as long as middle width to nearly three 
times as long as broad as measured under a microscope with an 
eyepiece micrometer. The prevailing color of the hind tibiae 
over most of the state is red but specimens with glaucous 
tibiae occur in series from Corvallis, Hood River, Baker, Drain 
and Malin. In the Malin series there are only a few with red 
tibiae and this series also has consistently narrower male cerci. 
This series approaches closely to the devastator group, and may 
possibly represent another geographical race but certain speci- 
mens from other series approach them so closely that the degree 
of difference is very slight. This condition agrees with a note 
by Scudder (11) to the affect that examples from British Columbia 
and Washington come closer to atlanis than those from Nevada. 

Melanoplus bruneri .Scudder. 

Six males from Drain and two males from Grants Pass agree 
with specimens of this species from South Dakota and Colorado 
The elevated tip of the subgenital plate is rounded, truncated or 
slightly notched. In one of the Drain specimens it is decidedly 
rounded and differs in no important respect from the specimens 
from the known range of bruneri. For this reason these speci- 
mens are placed there rather than under alaskanus. All were 
taken in rather hot and dry valley fields. 

Melanoplus devastator Scudder. 

This species' which has practically state-wide distribution 
exhibits a considerable range of variation even in the same 
locality. In the majority of specimens the cerci are about 
three times as- long as middle width by actual measurement. 
At Corvallis it was noted that in certain dry fields and on hill- 
tops the specimens averaged smaller than usual and that the 
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cerci were relatively more slender attaining a length of four 
times the middle width. In the shape of the cerci and sub- 
genital plate there is slight difference between extremes of this 
species and the series of M. mexicanus bilituratus from Malin. 
The shape of the furcula, supra-anal plate and swelling on the 
mesostemum help to distinguish the two species. Two speci- 
mens from Ontario, Calif, have the usual form of supra-anal 
plate and mesosternum but with cerci only slightly more slender 
than the Malin specimens mentioned above and with a furcula 
very much like that of bilituratus. 

Oedaleonotus enigma (Scudder). 

Three males and one female from Hermiston and two 
females from La Grande. All have the tegmina slightly 
longer than pronotum. In a series from Wieser, Idaho, four 
males and one female have tegmina as above, two males and 
two females have longer tegmina up to one and a half times the 
pronotum. Of three females from Ontario one has tegmina 
as long as pronotum, another has tegmina and wings about 
twice as long as pronotum, and the third has these organs 
exceeding the hind femora. 

Oedaleonotus borckii borcku (Stal). 

One male and three females from Grants Pass agree with 
this species in large size and relatively larger females and form 
of the mesosternal interspace, but contrary to Scudder’s key, 
(11, 12) all have the dark color of the pronotal lateral lobes 
extending over the metazone, but in two females the dark band 
is reduced and confined to the upper margin on the metazone. 

Oedaleonotus borckii pacificus (Scudder). 

Twelve males and three females from Woodruff Meadows, 
agree with this race in the size and equality of sexes and in 
form of mesosternal interspace but in all the dark band of the 
lateral lobes is confined to the prozone. According to Scudder 
(11, 12) this color character applies to borckii. 

Oedaleonotus borckii orientis Hebard (7). 

Two males and four females from Merrill found in sage 
brush desert at edge of marsh bordering lower Klamath Lake. 
This record extends the known range of the species several 
hundred miles, the nearest previous record being northeastern 
Nevada. 
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Tettigoniidse. 

Phaneroptera furcata furcata, (Brunner). 

The stridulation of this species may be of three kinds. 
The note most frequently heard is a single sharp “zip” made 
at infrequent intervals by simply separating tegmina and bring- 
ing them together again. Another note frequently heard is 
like the single note rapidly repeated three or four times as if 
the tegmina were vibrated, while bringing them together. 
The third form of stridulation has never been observed by the 
writer outside of Oregon. It consists of a ticking noise like 
that produced by picking the tip of one thumb nail with the 
other. The sound is usually repeated several times in series 
but the frequency varies from two or three seconds apart to a 
rate too rapid to count. In late afternoon in patches of oak 
scrub the males perch on the uppermost leaves and appear to 
be sending Morse code messages to each other. This is probably 
the most common sound made but is less often heard because 
it does not carry far. The sound is made by rotating the tegmina 
on their axes so as to raise the dorsal areas and suddenly 
bring them together again. Since the sound can be produced if 
the distal portions of the tegmina are removed it seems probable 
that it is caused by striking the stridulatory veins together. 
The female occasionally produces a somewhat fainter sound in 
the same manner. 

The writer has watched the process of egg laying in the 
margins of leaves and his observations agree with those of 
Riley (10) except that the insect grasped both the edge of the 
leaf and the ovipositor with the mandibles instead of merely- 
holding the ovipositor. In this manner the ovipositor was 
held against the thin chewed edge of the leaf while the sawing 
process of sliding one set of blades on the other split of the leaf. 

In mating the male places the posterior end of the body in 
front of the female and elevates the wings without spreading 
them. The abdomen is bent downward and the female licks 
at the dorsal surface working toward the base of the wings. 
The male moves backward and extends the tip of the abdomen. 
The transfer of the spermatophore was not observed. At one 
time two males were observed with one female. The female 
moved away after licking the back' of one male and the second 
male took her place and licked at the back of the first male for 
several minutes. The latter apparently became suddenly aware 
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of the substitution and kicked the other male with one hind 
leg and moved away giving vent to several “zips” that seemed 
to be an expression of irritation. The writer could find no 
trace of any glandular secretion or of any gland openings on 
the male but the mating process is very similar to that of the 
tree crickets in which an alluring gland is known to be present. 



Fig. 2. Steiroxys strepcns. A, Allotype. B, C, Subgenital plates of paratypes 
showing extreme conditions in form of terminal notch (B) from Corvallis, 
(C) from Woodruff Meadows. D, Cercus of Woodruff Meadows para type. 
E, same, of type. F, Dorsal view, tip of abdomen, type. G, Pronotum and 
tegmina, type. H, Pronotum, allotype. I, Subgenital plate, allotype. 

Steiroxys strepens 6 new species. (Fig. 2). 

Type, male, from top of Jackson’s Hill 6 miles North of 
Corvallis, Ore., July 9, 1922. Types deposited in U. S. National 
Museum. 

Vertex well rounded in profile joining the occiput with scarcely any 
change in curvature. Eyes nearly circular in outline. Pronotum with- 
well marked median and lateral carinae. Lateral carinae converge 
slightly to the first sixth, diverge to the posterior two-fifths, remaining 
portions parallel. Disk of pronotum nearly flat, truncate anteriorly, 
slightly rounded posteriorly; anterior margin three-fourths as broad as 
posterior margin. Lateral lobes one and three-fourths times as long as 
deep; posterior margin distinctly sinuate. Tegmina project a little 
less than half the length of pronotum; outer margins sharply inflected 
beneath a stout curved vein so as to be invisible from above. t Front 
tibiae armed above with three spines on outer border and below with 
six spines on both borders. Middle tibiae with four rows of spines but 
only two in upper anterior row. Hind femora unarmed. Distal 
three-fourths of hind tibiae with a few short spines on both margins 
below and with numerous close set short spines on both margins above; 


• strepens - noisy. 
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with short and long subequal pairs of apical spurs below and a short 
pair above. Abdomen without a trace of raised median carina. Tenth 
abdominal segment notched posteriorly; dorsal median portion for 
full length of segment of sunken soft integument covered with fine 
hairs. Supra-anal plate appears as a triangular projection deeply 
hollowed above. Subgenital plate with sub-parallel lateral carinae 
extending to bases of finger-shaped styles; a V-shaped notch between 
the styles. Cerci gently curved throughout on outer border; terminal 
portion finger-shaped, nearly straight and with rounded apex. A 
curved spine projects perpendicularly inward just beyond the middle 
of the cercus and terminates in a sharp claw. 

Color: Grass green when alive. Dry specimen a light yellowish 
brown with greenish cast on legs. 

Allotype, female, same data as type. 

Disk of pronotum narrower than in the male and less expanded 
posteriorly. Tegmina small ovate pads projecting from under the 
posterior portion of the lateral lobes. Subgenital plate with posterior 
border about half the anterior border; sides nearly straight; posterior 
border with a shallow rounded median notch and a pair of smaller 
lateral excavations. Ovipositor slender, strongly curved at base but 
with distal half nearly straight 

Paratypes, 5 males, 7 females, same data as type, and 11 
males from Woodruff Meadows, Jackson County, Ore., about 
thirty miles southwest of Crater Lake, altitude 2800 feet. 
In the shape of the pronotum, tegmina and last dorsal segment 
of abdomen the series holds fairly constant. There is some 
variation in the proportions of the male cerci and subgenital 
plate in the series from both localities. The male cerci of the 
Woodruff Meadows series have on the average a stouter and 
shorter apical portion and a longer and more slender inner spine. 
The notch of the male subgenital plate varies from a slightly 
obtuse to a slightly acute angle in the southern specimens and 
from an acute angle to a cleep acuminate V-shaped notch in 
the Corvallis series. The styles of the subgenital plate are 
also more slender in the latter series. 

In color all agree with type except one of the Woodruff 
Meadows series which appears to have been light brown when 
alive. The hind femora of this specimen have numerous dark 
brown transverse streaks near the base; the lateral lobes of the 
pronotum are dark brown with buffy ventral and posterior 
borders; the vertex is outlined on sides and anteriorly with a 
blackish U-shaped mark. 

The species differs from others of the genus in the shape of 
the male cerci. From specimens at hand of what appears to 
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be S. pallidipalpus they differ in the absence of any trace of 
abdominal median carina, broader pronotal disk, more slender ovi- 
positor, larger size and in the shape of the hind tibiae, which are 
narrower in longitudinal diameter. From the lateral view the 
hind tibiae are not much broader than from the posterior 
view, while in S._ pallidipalpus the lateral width is fully twice 
the posterior width. 


Measurements in Millimeters. 


* 

Pronotum 

Hind Femur 

Hind Tibia 

Ovipositor 

Type 

7. 2x4. 4 

19. 

18.5 


Allotype 

7. 4x3. 9 

23. 

21. 

27. 

Para types: 

(extremes) 





Males — 





Corvallis 

7. x 4.2 

20. 

19. 



8. x 4.8 

7.6x4. 

7.8x5. 

21. 

20. 


Woodruff M 

6 8x4.6 

18.5 

17. 



7.8x5. 

7. 4x4. 4 

19.5 

18. 


* Females 

6. 8x4. 2 

21. 

20. 

24. 

Corvallis 

7.4x4. 

7. x 3.7 

22.5 

21.5 

26. 


The presence of these insects was revealed by their song 
which is a series of very short rasping chirps. It starts with a 
few notes per second but quickly increases the speed to a rapid 
flutter which is kept up for a long^period. On Jackson’s Hill 
north of Corvallis it was common on the northwest side of the 
summit and in a small patch of prairie in a pass between that 
hill and the next one to the north. It was usually found 
where somewhat taller prairie plants and patches of brake fern 
occurred. At Woodruff Meadows it was common in clumps of 
grass or herbs over most of the meadow except the wet central 
portion. 

On Jackson’s Hill the species was found in the first and 
second instars on April 26, 1923, and in the last and next to 
last nymphal instars on *May 25, 1924. In the first instar the 
ground color is very pale brownish gray, with the sides of thorax 
and abdomen entirely black except the posterior borders of the> 
lateral lobes which are ivory. An ivory line borders the black 
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above on the abdomen and the median line is bounded by 
narrow black lines from vertex to tip of abdomen. In the 
second instar the black lines are partly faded and the black of 
the sides reduced to the extreme upper portion, while the 
remainder of the sides is pale green. In both first and second 
instars the vertex protrudes forward as a rounded knob. 

Neduba carina ta Walker. 

An account of the habits, life history and remarkable range 
of color variation of this species has been published elsewhere. (6) 

Cyphoderris piperi Caudell 

This species was originally described as a subspecies of 
monstrosa by Caudell (1). When a series of males collected by 
the writer near Woodruff Meadows were compared with males 
of C. monstrosa collected in British Columbia by E. R. Buckell it 
was found that the genitalia were strikingly different. Drawings 
of the genital armatures were compared with the types of monstrosa 
and piperi by Nathan Banks and A. N. Caudell respectively 
and both agreed that they represented distinct species; the 
British Columbia specimens corresponding with the type of 
monstrosa and the writer’s specimens with piperi. The writer first ' 
encountered this insect in the forest near Woodruff Meadows. 
While setting up camp by a small river at dusk my attention was 
attracted by a song that sounded like a small cricket in a clump 
of small bushes a few feet away. It was a high pitched metallic 
trill one to three seconds in duration and repeated at a rate of 
about fifteen times per minute. When the apparent source of 
the sound was reached the singer still seemed to be several feet 
away and it soon became evident that the song produced an 
auditory illusion of nearness that was very deceptive. After 
stalking the sound back into the woods about a hundred yards 
I discovered the insect sitting on a branch of a small fir a few feet 
above ground. At close range the sound was loud, penetrating 
and shrill and with a rapid pulsation or beat. Mr. A. N. 
Caudell told the writer that he experienced the same auditory 
illusion when he collected the type on Mt. Ranier. The first 
few specimens caught were grabbed at quickly so as to give no 
opportunity for escape but later the writer decided to test the 
insect’s agility. When the antennae were touched it moved 
backward along the branch and when the body was touched it 
simply dropped to the ground and remained motionless. When 



1930] Fulton: Oregon Orthoptera 631 

touched again it turned over on its back as if dead. With 
further stimulation it would try to crawl away or remain 
motionless. They would stop singing at the slightest jar of 
the ground but were not disturbed by a flash light. Most of 
them were on low branches but one was found on the ground 
and another about ten feet above ground. The latter was not 
disturbed at first and several hours later was found in the same 
place and induced to drop to the ground by touching it with a 
stick. At Crater Lake they were usually beyond reach in the 
trees, the exact height difficult to estimate. In the evening 
one was observed there to have twenty notes per minute. 
They sing from dusk until the temperature drops too low for 
activity. 

Tropidischia xanthostoma (Scudder). 

Notes on this species have been published (5). 

Ceuthophilus agassizii (Scudder). 

On Oct. 8, 1923, several adult specimens were found in some 
old rat or gopher holes under a board near the college barns at 
Corvallis. They were kept in a cage for several weeks and 
fed on pieces of meat and apple. The mating process observed 
differs so much from other Tettigoniidae that it seems worthy 
of mention. The male would walk backwards toward the 
female and on touching her would twist the abdomen so as to 
bring the ventral side of the tip in contact with the base of the 
ovipositor. They would remain for a minute or two with 
heads in opposite directions. Many attempts seem to be 
necessary before mating actually takes place. The process 
was observed several times and no. spermatophore was formed. 
These specimens and one collected. by L. P. Rockwood at Forest 
Grove were identified by T. H. Hubbell. 

Gryllidae. 

Oecanthus. 

This genus is represented in Oregon by three species, cali- 
fornicus, nigricornis, argentinus and niveus. The last is repre- 
sented by two physiological races an account of which has been 
published (2). A general account of the species with detailed 
description of calif onicus (3), and a special study of the nigfi- 
cornis group (4), have also been published. * 
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^DOUGLAS FIR [g%ISPRUCE-FIR 153 YELLOW PINE pH JUNIPER 

HI MARSH TObunch GRASS □SAGEBRUSH Si LAKES 


Fig. 3. Map showing natural vegetation areas of Oregon. (Copied from Shantz 
and Zon, 13.) Localities mentioned are listed alphabetically with numbers 
appearing on the map. Letters refer to horizontal grouping between the 
parallels of latitude; each group is numbered from west to east. Cities and 
villages are indicated by circles, other localities by crosses. 

Alesa Mountain. ...B 3 Glendale D 2 Newport B 1 

Anna Creek D12 Grants Pass D 3 Ontario B 13 

Ashland D 6 Halfway B 12 Pasco, Wash A 9 

Baker B 11 Heppnor A 7 Paulina Mtns C 6 

Bend B 9 Hermiston A 8 Philomath B 4 

Burns C 8 Holland D 1 Plush D19 

Canyonville D 4 Hood River A 4 Portland A 2 

Cottage Grove C 4 Hombrook, Calif .... D 8 Ronan, Wash A 13 

Crater Lake Dll Jordan Valley C 9 Roseburg C 1 

Creswell C 5 Klamath Falls D15 Salem B 7 

Divide C 3 Klamath Lake D14 Silver Lake C 7 

Drain C 2 La Grande *. . .A J2 Siskiyou D 7 

Dufer. A 5 McKenzie Bridge. . . . B 8 Upper Klamath 

Eugene B 6 Malin D17 Marsh D18 

Forest Grove A 1 Mary's Peak B 2 Upper Rogue River.. DIO 

Fort Klamath D 13 Medford D 5 Walla Walla, Wash ..All 

Fossil A 6 Merrill D16 Wieser, Idaho B 14 

Fox BIO Mt. Hood A 3 Woodruff Meadows. . D 9 
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PART II. 

Distribution and Ecological Relations. 

The state of Oregon is divided into two uneven portions by 
the high Cascade Range which reaches a maximum elevation 
of over eleven thousand feet at Mt. Hood. The western third 
has a broad central depression in which are three main river 
valleys, Willamette, Umpqua, and Rogue. These are separated 
by low mountain divides and the Rogue is separated from 
California by the much higher Siskiyou range. Between the 
valleys and the coast is the much dissected Coast Range. 
The eastern two thirds of the state is largely an arid plateau. 
The Blue Mountains cover a considerable portion of the north- 
east quarter of the state, and reach an elevation of over nine 
thousand feet in the Wallowa Range. 

The natural vegetation areas of the state and localities 
mentioned are shown in the map (Fig. 3). On account of the 
diversity of habitats a discussion of the Orthopteran fauna can 
be facilitated By dividing it into three parts, namely, Western 
Oregon, the Alpine Cascade regions and Eastern Oregon. 

WESTERN OREGON. 

This area is shown on the map as the Douglas fir area. The 
western portion of the Coast Range and the west slope of the 
Cascades are entirely forested. In the central valleys where 
the annual precipitation is lower there were originally extensive 
prairies covering most of the large valley plains. A large part 
of this area is now under cultivation but the Orthopteran 
fauna has probably not changed much. The small streams are 
mostly bordered by deciduous forest containing Oregon ash 
( Fraxinus oregana), the broad leafed maple ( Acer macrophyllum) 
and Garry oak ( Quercus garryana ) and other deciduous trees 
and shrubs. 

The valley prairie may merge with the hill prairie extending 
over the south facing slopes to the summits of hills bordering 
the valley. More frequently the two are separated by an 
irregular strip of woods composed largely of Garry oak. This 
extends upward along the gullies and often forms a border also 
between hill prairie of the south slope and the fir forest on all 
other slopes. Part of this oak area is kept in a scrubby con- 
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dition by recurrent prairie fires. In the valley prairie and lower 
portions of the hill prairie are numerous thickets of wild rose, 
and poison oak. 

In the virgin condition the heavy Douglas fir forests are 
inhabited by only one species of Orthoptera, the cave cricket, 
Tropidischia xanthostoma (Scudder) which has been found 
abundant under log bridges crossing the mountain streams. 
It probably also occurs in any natural dark cavities along the 
streams. Neduba carinata Walker also occurs in the fir forest 
along roads, in burns or wherever the forest is more open. It 
is more strictly a border species. 

In the prairies Orthoptera are abundant. Since there is 
some difference between the fauna of the northern and southern 
parts of western Oregon the Willamette valley will be considered 
first. The following more strictly prairie species are uni- 
versally present at the proper seasons : Chorthippus curtipennis 
oregonensis (Scudder), Camnula pellucida (Scudder), Arphia 
saussureana Bruner, Melanoplus devastator Scudder, M. femur - 
rubrum (De Geer), M. mexicanus bilituratus (F. Walker) and 
Oecanthus nigricornis argentinus Sauss. Conocephalus fasciatus 
vicinus (Morse) and Acrydium granulatum Wm. Kirby are found 
in more moist portions of the area. Parcoblatta americana 
(Scudder) and Pristoceuthophilus pacificus (Thomas) are found 
under boards, logs, stones and in gopher holes. The former 
is very common among rocks at the hilltops and has not been 
found in the valley plain. Conocephalus occidentalis (Morse) 
is found at the edge of prairies bordering the river in the valley 
plain. Dissosteira Carolina (Linn), Trimerotropis fontana 
Thomas and Gryllus assimilis (Fab.) are more versatile and 
may be found either in prairie or in open woodland. Melano- 
plus saltator Scudder is found along the borders of woods, in 
open woodland, or among clumps of shrubs. Trimerotropis 
suffusus Scudder is found in hilltop prairies but on the slopes it 
remains fairly close to the woods. It is not found in the valley 
plain except at certain points in woods immediately bordering 
the river. 

Another group is made up of those species associated with 
the deciduous woods or thickets. These include Neduba 
carinata living on the ground mostly where covered with 
deciduous 'dead leaves but also among more open fir forest or 
borders; Oecanthus niveus (De Geer), physiological race A, 
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mostly in ash and oak trees; 0. niveus, race B, in thickets of 
rose, scrub oak and wild brambles; 0. calif ornicus Saussure in 
thickets containing a small species of rose used as a depository 
for the eggs; Phaneroptera furcata furcata (Brunner) mostly on 
small oaks. 

On the gravel bars along the Willamette River two species 
that are more typical of the eastern desert regions are found, 
namely Trimeroiropis pallidipennis pallidipennis (Burm.) and 
Conozoa wallula (Scudder). These strong flyers spread over 
into nearby fields but are not found far from the river. Where 
small plants are growing on the gravel the grouse locust Tel- 
matettix hesperus Morse is found. 

A few other species of this general region are of rare 
occurrence or irregular in distribution. Melanoplus immunis 
Scudder is found abundant in a meadow at the summit of 
Mary’s Peak, at an altitude of about 4,000 feet, and on some of 
the lower hills. It is more common near the forest borders. 
Podisma polita Scudder is abundant on the same mountain but 
only on a steep slope of jumbled rocks overgrown with thimble 
berry in a small opening in the forest near the summit. A 
few specimens have also been found on other near-by mountains 
and hills near Corvallis. The occurrence of Napaia aspasma, 
Steiroxys strepens and Ceuthophilus agassizii near Corvallis has 
been previously mentioned. Pristoceuthophilus celatus (Scud- 
der) is apparently rare about Corvallis. Mymecophila ore - 
gonensis Bruner was found in ants nests in a valley of the 
coast range west of Corvallis. 

Most of the common species mentioned above range west- 
ward through the coast range. 'jQhe prairies disappear but there 
are old burned areas, pastures and roadways where the prairie 
and border species find suitable conditions. Near the ocean 
the number of species and individuals is reduced. In a sand 
dune area near Newport only three species were found, Melano- 
plus meocicanus bilituratus in grassy places between dunes and 
Dissosteira Carolina and Trimeroiropis suffusus near wooded 
dunes. 

The somewhat hotter and dryer regions of the Umpqua and 
Rogue River valleys of southwestern Oregon are inhabited by a 
larger number of species. All of the Northern species mentioned 
have been found in this region or have been recorded in literature 
from southern Oregon or Califonia except Ceuthophilus agassiMti 
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and the two species mentioned below which are replaced in 
southern Oregon by closely related species. Melanoplus saltator 
is replaced south of Eugene by M. validus calapooyce and this 
in turn is replaced further south by typical validus. M. immunis 
is apparently replaced by M. rehni, both hilltop species whose 
exact range is not known. These species occupy the same 
ecological niche as the species they replace, and species common 
to both regions show the same choice of habitat. 

Species common in the southern valleys but not represented 
in the Willamette are Dissosteira spurcata Saussure and D. 
venusta (Stal), both strong flying prairie and woodland border 
species. 

Other species of more local distribution that have been 
found are: Oedaleonotus borckii borckii (Stal), open field, 
Grants Pass; Melanoplus bruneri Scudder, fields, Drain, Grants 
Pass; Arphia ramona Rehn, wooded mountain ridges and rock 
outcrops near Ashland. 

In the Rogue River Valley Melanoplus devastator, M. 
femur-rubrum and Camnula pellucida occurred in destructive 
numbers in 1922. 

The writer did not have opportunity to collect in yellow 
pine-sugar pine area shown on the map (Fig. 3) lying west of 
the Cascade Divide in southern Oregon. 

ALPINE AREAS. 

On the heavily forested west slopes of the Cascade Range 
Orthoptera are most common in clearings, burns and along 
roads. Such places present about the same fauna as the coast 
range. In the higher valleys are many small natural prairies 
where Orthoptera are very abundant. These are probably 
developed from ponds or bogs. Their isolation and diverse 
conditions as to moisture and temperature tend to give them a 
more or less individual fauna. Few of these areas have been 
investigated and they offer an unusual opportunity for anyone 
interested in ecology or taxonomy. 

On August 5, 1922 the writer visited a small prairie called 
Woodruff Meadows about thirty miles southwest of Crater 
Lake, at an altitude said to be about 2800 feet. While this 
can hardly be considered Alpine conditions it is similar to such 
areas found more commonly at higher altitudes. There was a 
striking zonation of the vegetation. The center contained some 
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surface water and was covered with a high sedge and large 
lupines. Surrounding this was a wide zone of damp ground 
with shorter swamp grasses, and another zone of dryer ground 
bordering the forest and covered mostly by herbs. In the 
central area the only abundant species was Melanoplus bivit- 
tatus (Say). In the middle zone Chorthippus curtipennis 
oregonensis was most abundant but this zone also contained 
many of the first species. At the eastern end of this zone was 
a crescent shaped dryer area of short grasses where Camnula 
pellucida, Oedaleonotus borckii pacificus (Scudder) and Steiroxys 
strepens were abundant. The latter was also found in grass 
clumps over most of the meadow except the central portion. 
The commonest species in the herb border was the red-legged 
Melanoplus validus, showing characters of intergradation be- 
tween the three races previously discussed. On the south side 
of the meadow a shaded lobe with damp mossy ground and 
short grass, contained Acrydium granulatum , Melanoplus lovetti 
and Steiroxys strepens. The forest borders were dryer, with 
short grass or partly bare ground and there the common species 
were Trimerotropis fontana and Craty pedes neglectus (Thomas). 
Napaia aspastna (R. and H.) occurred along the southeast 
border. 

Neduba carinata is common in more open parts of the 
Cascade forest slopes but apparently it does not extend to the 
higher alitudes of the divide. Cyphoderris piper i was found 
in the forest near Woodruff Meadows and at the timber line 
at Crater Lake. The writer heard an insect which was probably 
this species singing in trees at the timber line on Mount Hood. 
It was described from Mt. Raider much farther north. 

The isolated alpine meadows of the higher parts of the 
Cascade divide contain some species which are not found at 
lower altitude. These regions also offer a rich field for further 
investigation. In the meadows at Crater Lake the writer 
found Bradynotes deplanata Hebard and Camnula pellucida 
abundant in an area of short grass. Trimerotropis suffusus 
occurred on ridges in the same general area and Circotettix 
shastanus Bruner on and near rocky cliffs. The writer also 
has specimens of Melanoplus alpinus Scudder and M. montanus 
(Thomas) and has seen specimens of Bruneria shastana (Scud- 
der), all collected by L. P. Rockwood in the Crater Lake 
meadows. A pair of the last species was collected by jthe 
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writer at the summit of Paulina Mountain, an isolated volcanic 
crater south of Bend. The lower portions of the meadow of 
Crater Lake where plants were waist high contained few 
Orthoptera. Alpine species of the Mt. Hood region include 
Melanoplus oreophilus Hebard, Pristoceuthophilus cercalis Caudell 
and Prixocnemis oregonensis Caudell. A specimen of the last 
species was collected by W. J. Chamberlin from a slab pile in 
Josephine County, at the western end of the Siskiyou Mountains. 
The writer has two specimens of Acrydium acadicum brunneri 
(Bolivar) collected by J. C. Bridwell at Cash Creek on the 
Santiam road and one collected by W. J. Chamberlin labelled 
Santiam National Forest. 

EASTERN OREGON. 

The territory east of the Cascade Divide includes the 
following natural vegetation areas: (1) The yellow pine 
forests of the eastern slope of the Cascades and adjacent plateau 
and of the Blue Mountains in the northeast, (2) the juniper 
woodland between the two yellow pine areas and in smaller 
areas to the south, (3) areas originally in bunch grass including 
the valleys and lower mountain slopes in the Northeastern 
quarter, (4) sage brush desert including most of the south- 
eastern quarter and a part of the Columbia Valley, (5) isolated 
marsh or tule areas the largest of which is around Klamath 
Lake. 

The Orthoptera of eastern Oregon have been collected by 
the writer only on occasional trips for other purposes and con- 
sequently the species discussed represent only a part of the rich 
Orthopteran fauna of this region. 

The yellow pine forests contain many species common along 
forest borders in western Oregon. They are most common in 
the open spots but on account of the more open nature of the 
pine forest are more generally distributed here than in the fir 
forest. The common species are Trimeroptopis suffusus, T. 
fontana and Cratypedes neglectus, the last more common at 
higher altitudes. Neduba carinata and Melanoplus vdUdus 
pinicola occur in the Cascade area but have not been found 
in the Blue Mountains. Camnula pellucida, Conozoa wallula 
and Dissosteira Carolina are found in the small prairies that 
occur in the pine forest. A specimen of Dissosteira venusta 
from Klamath Lake is probably from such a situation also. 
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The ‘second, third, and fourth natural vegetation areas can 
be discussed together for they all represent desert or semi- 
desert conditions, and all contain a large proportion of various 
kinds of sage brush. A list of the identified species in the 
writer’s collection with localities follows: 

Parabacillus color adus (Scudder). Boardman. 

Acrydiutn granulatum Kirby. LaGrande. On a mountain slope 
• where seepage modified the moisture conditions. 

Pseudopomala brachyptera (Scudder). Hermiston. 

Amphitornus color adus (Thomas). La Grande, Hermiston. 

Alpha occipitalis occipitalis (Thomas). Ontario. 

Alpha occipitalis cinerea (Bruner). Bend. 

Orphulella speciosa (Scudder)*. Ontario, small marsh. 

Chorthippus curtipennis (Harris). Jordan Valley. (George Orr) 
Probably from meadows. 

Agneotettix deorum (Scudder). Hermiston, La Grande, Ontario. 

Psoloessa delicatula (Scudder). Bums. (B. G. Thompson). 

Aulocara elliotti (Thomas). Merrill, Bums, La Grande, Ontario, 
Jordan Valley. 

Arphia pseudonietana (Thomas). Baker, Freewater (near Walla 
Walla, Wash.), La Grande. 

Camnula pellucida (Scudder). Merrill, Silver Lake, Hermiston, 
Walla Walla, Wash., La Grande, Halfway. Found where grass grows 
abundantly. 

Xanthippus corallipes buckelli Hebard. Steins Mtns. and Plush 
(W. J. Chamberlin), La Grande, Fox Prefers hills. 

Dissosteira Carolina (Linnaeus). Hermiston, statewide. 

Spharagemon aequale (Say). Fossil (L. P. Rockwood), Boise, 
Idaho (A. L. Lovett). 

Trachyrhachis kiowa kiowa (Thomas). Ontario. 

Metator pardalinus (Saussure). Ronan Mt. Wash. (W. C. Handlin) 

Conozoa wallula (Scudder). Hermiston, Ontario, Baker, Merrill. 

Trimerotropis fantana Thomas. Hermiston, La Grande, Baker, 
Bums. Near or among trees. 

T. pallidipennis pallidipennis (Burmeister) . Hermiston, La Grande, 
Baker, Ontario, Merrill. 

T. latifasciata Scudder. Ontario. 

T . caeruleipennis Bruner. Tule Lake (near Malin, M. M. Reeher) 
Pasco, Wash. (A. L. Lovett). 

T. cyaneipennis Bruner. Hermiston. Found on a small sage 
covered hill. 

T . suffusus Scudder. Bums, Dufer, La Grande, Ontario. Found 
most common in or near woodlands. 

Circotettix undulatus (Thomas). Hood River, Bend, Merrill, 
Hermiston, Baker. Fotmd on open hilltops or rock outcrops. 

Schistocerca venusta Scudder . 7 Hermiston. Taken in a garden; 
probably a river border species, 

7 Assignment questionable due to need of revisionary work in genus. 
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Hesperotettix brevipennis pratensis Scudder. La Grande, Ontario. 

Melanoplus bivittatus (Say). Ontario, Halfway, Baker. Prom 
irrigation ditches; not a desert species. 

M. femur-rubrum femur-rubrum (De Geer). Hermiston, Ontario, 
Malin. 

M . mexicanus bilituratus (Walker). Hermiston, Baker, La Grande, 
Malin, Ontario. 

M. packardi packardi Scudder. Hermiston, La Grande, Ontario. 

M. cinereus cinereus Scudder. Dufer, Hermiston, Baker, Wieser, 
Idaho. 

Bradynotes deplanata Hebard. Merrill. Among sage brush near 
marsh. 

Phoetaliotes nebrascensis (Thomas). La Grande. From mountain 
slope under more moist conditions. 

Oedaleonotus enigma (Scudder). Hermiston, La Grande, Baker, 
Wieser, Idaho. 

0. borckii orientis Hebard. Merrill. 

Phaneroptera furcata furcata (Brunner). Dufer, female nymph 
(F. H. Lathrop). From an irrigated area. 

Anabrus simplex Haldeman. Klamath Falls, (H. F. Wilson). 

A pole notabilis Scudder. Heppner (N. Currin). 

Gryllus assimilis (Fabricius). Ontario. 

Oecanthus nigricornis argentinus Saussure. La Grande. Most 
common in weedy places or praries, but also on rabbit brush 

Oecanthus californicus Saussure. La Grande. In thickets of wild 
rose in mountain gully. 

In the marsh areas of eastern Oregon several species of 
grasshoppers are extremely abundant. Camnula pellucida fre- 
quently occurs in such numbers as to destroy large areas of 
vegetation. This is the earliest of the common species to 
mature. On Aug. 9, 1922 the writer found Conozoa wallula 
and Dissosteira Carolina more abundant than Camnula in the 
drained Tule Lake region south of Klamath Falls. Melanoplus 
mexicanus bilituratus was also found there in destructive 
numbers. Some of these species may have migrated in from 
surrounding deserts. In the Upper Klamath Marsh on Aug. 11, 
and 12, Camnula was found in destructive numbers but was 
disappearing rapidly. Other species found there were Acrydium 
granulatum } Chorthippus curtipennis , Melanoplus mexicanus 
bilituratus and M. borealis palaceus. 
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A FOSSIL ARACHNID FROM THE LOWER CARBONIFER- 
OUS SHALES (POCONO FORMATION) OF VIRGINIA. 

H. E. Ewing, 

United States Department of Agriculture. 

A few years ago Dr. David White, for many years chief 
geologist of the United States Geological Survey, found what 
appears to be the oldest fossil land arthropod yet taken in 
North America. It is an interesting specimen not alone be- 
cause of its antiquity, but because of the important taxonomic 
relations of the extinct order to which it belongs. This group, 
the Anthracomarti, together with that other very rare group 
of both living and extinct forms, the Ricinulei, bridge over the 
otherwise very wide gap between the spiders and the mites 
and help us construct what is believed to be a more rational 
system of classification for the Arachnida. The Anthracomarti 
are related to the Ricinulei in having the tergites of the abdo- 
men divided by two longitudinal grooves and to the extinct 
Phalangiotarbi in having the first pair of legs pediform. 

The living Ricinulei are represented by a few living spfecies 
found only along the west coast of equatorial Africa and in 
certain regions of thS American tropics. Although a very 
ancient group, with many generalized characters, the Ricinulei 
are peculiar in having the pedipalps fused at their bases. 
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The order Anthracomarti, to which Dr. White's Lower 
Carboniferous specimen belongs, may be diagnosed as follows: 
Capitulum and thorax fused. Abdomen segmented; abdominal 
tergites divided laterally by one or two longitudinal sutures on 
each side; “ operculum" present and representing, probably, 
the eleventh segment. Chelicerae not yet observed. Pedipalps 
leglike. Legs with movable coxae. 

This order is represented by a considerable number of 
specimens from the Carboniferous formations of both the Old 
and New Worlds. 

Trigonomartus whitei, new species 

Exposed parts of specimen include most of the cephalo- 
thorax and all of the abdomen except a small anterior portion 
of each lateral border. No part of any one of the legs is exposed. 

Cephalothorax roughly triangular, but the lateral margins are some- 
what outcurved. Surface very coarsely sculptured. Near the apex 
there is a rather deep impression of the ventral part of the hood. 

Abdomen about as broad as long and broadly rounded behind. 
Longitudinal grooves, dividing tergites, very distinct; each is situated 
about half the distance from the lateral margin to the median line, 
and each is curved in a similar manner to that of the lateral margin 
except near the posterior end. After the grooves cross the line between 
the last and next to last tergite each curves strongly outward to meet 
the lateral margins of abdomen at a slight distance from the vertex. 
In addition to these two longitudinal grooves there is a pair of longi- 
tudinal ridges on the central area of abdomen. Each originates near 
the abdominal base in a prominent boss, or tubercle, and passes back- 
ward in a straight line, parallel to the median line, to as far as the 
front margin of last tergite. 

Tergites eight in number and all except the first with lateral sections. 
Tergite I with a recurved anterior margin and an almost straight 
posterior margin, and not extending across the abdomen. Middle 
sections of tergites II and III subequal and with margins about straight. 
Middle sections of tergites IV-VII with margins recurved. In width 
they decrease from IV to VII. Middle section of tergite VIII (the 
last tergite) about as broad as long, lateral margins strongly incurved, 
posterior border pointed at median line. The integument of the middle 
area of abdomen is coarsely sculptured. 

Lateral sections of tergites (pleural plates of some authors) large, 
the lines between them being procurved except for the last. All except 
the last are quadrangular; these are subtriangular. 

Length of cephalothorax, 3.00 mm.; width, 3.25 mm. Length of 
abdomen, 6.25 mm.; width, 5.50 mm. Total length, 9.25 mm. 
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Type locality. — Allegheny, Virginia. 

Type . — In collections of United States Geological Survey. 

Described from a specimen taken by Dr. David White, of 
the United States Geological Survey, from the Pocono formation 
of Virginia. Dr. White gives the following data in regard to 
the specimen : “It was collected by me from the shales adjacent 



Fig. 1. Trigonomartus whiiei, new species, X 10. Drawn as exposed in shale. 

to a thin coal outcrop in the lower part of the Pocono along 
the road over the ridge and not far from the farmer’s house 
near the west end of the so-called Lewis tunnel, which is the 
first tunnel on the C. & 0. Railway east of Allegheny, Va. 
The specimen was collected May 17, 1924, and is accompanied 
by a land flora of the type associated with the formation of 
coal, and therefore is to be regarded as a lowland or swamp 



A CONTRIBUTION TO THE KNOWLEDGE OF THE 
BIONOMICS OF BREMUS AMERICANORUM 
(FABR.). (HYMENOPTERA). 

Theodore H. Frison, 

Illinois State Natural History Survey, Urbana, Illinois. 


A. INTRODUCTION. 

This paper is the third of a series of papers dealing with 
the biology of species of bumblebees found in Illinois. In the 
first paper (1928), the salient features of the bionomics of 
Bremus bimaculatus (Cresson) were recorded in a more or less 
detailed manner and much information presented regarding 
methods and technique. The second paper (1929) deals with 
the biology of Bremus impatiens (Cresson). For details regard- 
ing how much of the data used in this paper were secured, the 
reader should consult my two previous papers of this series, 
particularly the first one of 1928. 

B. SYSTEMATIC POSITION. 

Bremus americanorum (Fabr.) is one of four North American 
species of bumblebees belonging to the subgenus Fervidobombus 
Skorikov (1922) of the family Bremidce. Four species — 
americanorum, fervidus, californicus and sonorus — have been 
placed in this subgenus because of numerous morphological 
characters common to all of them. Together with the sub- 
genus Subterraneobombus Vogt (1911) they form a section of the 
bumblebees called Odontobombus Kruger (1917). My un- 
published studies of the biology of B. fervidus and the writings 
of others show that this species of bumblebee has habits very 
similar to those of B. americanorum -as now recorded. From 
this fact and the common possession of certain structural 
characters it is predictable that the most essential fundamentals 
of the biology of B. sonorus of the southwestern states and B. 
californicus of the western states will conform with that of B. 
americanorum. 
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C. Specific Life History Studies. 

During the course of my studies of bumblebees, dating 
from 1910, I have had under observation a large number of 
colonies of this species and obtained much information con- 
cerning the behavior of the adult bees and various phenomena 
relating to their life history. In fact, I have examined and 
studied so many colonies of B. americanorum that it would be 
both tedious and poor economy of print and time to discuss 
each of them in detail. Instead, I have chosen to present for 
record a short account of but four of them ; two of these being 
colonies which were studied in much detail in order to secure 
comparative data relating to the development of the immature 
stages. 


1. Experiment 16, 1917. 

This colony was started in an artificial domicile which I buried in 
the ground in the University Woods near Urbana, Illinois, on April 17, 
purposely for attracting the queens (Frison, 1926a). The first intima- 
tion I had that the domicile was occupied was on June 11, when a 
hasty examination revealed that the dried grass in the nest had been 
somewhat rearranged and packed down. About a week later I slightly 
jarred the domicile to discover if it was occupied and the excited buzzing 
of a queen which followed gave ample evidence of my good fortune. 
When the domicile was next examined, on July 11, the queen was not 
in the nest. At this time the lame were rapidly developing in their 
cells and the groove in which the queen rested when brooding on the 
incipient comb — similar to that I have illustrated for B. impatiens 
(Frison, 1927a) — was very noticeable. It was expected, but none the 
less interesting, too, to find a small honey-pot near the entrance of 
the nest and about one-half an inch removed from the brood ; a character- 
istic feature of the recently started nests of all species of bumblebees 
as yet discovered and probably a distinguishing biological peculiarity 
of this genus of bees. 

On July 27, I removed the domicile from its original position and 
placed the nest in an observation box where I could better study the 
development of the immature stages. At this time the comb had greatly 
increased in size and the nest contained the mother queen and four 
workers. It is probable that three other workers were absent from the 
nest when it was removed because there were seven empty cocoons in 
the comb. In addition to the cocoons from which the adult workers 
had emerged, the comb of July 27 consisted of three cocoons from which 
the adults had not emerged* three groups of larva; in various stages of 
development, and two egg cells. One of the egg cells contained three 
eggs and the second held five eggs. 
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During the next few weeks the growth of the comb was rapid and 
every few days additional egg cells were constructed and eggs laid in 
them by the mother queen. These egg cells were made on the tops, 
between, or on the sides of the cocoons. As the season progressed there 
was a noticeable tendency on the part of the queen to lay a larger 
number of eggs in a single cell; one egg cell containing on August 17 as 
many as thirteen eggs in marked contrast to the two to five eggs laid 
in a cell when the comb was small. The eggs were always laid con- 
tiguous to one another and in a more or less horizontal plane. One of 
the striking features of the nest of this species was the occurrence of 
wax-pollen cup-shaped structures on the sides of groups of small larval 
cells which were made just about the time the larvae emerged from the 
eggs. On August 29, two of these wax-pollen cups were found attached 
to the side of one small group of larval cells in the bottom of each there 
was a small amount of fresh pollen. As the larvae became larger 
each of them occupied a definite position beneath the wax-pollen 
envelop covering them and the wax-pollen cups were much enlarged. 
When the larvae spun their cocoons these enlarged cups, or rather 
pollen pots as they now might be called, were necessarily separated 
from the larvae and one might easily overlook the fact that they first 
originated on the side of groups of small larval cells. As the comb 
developed in size these large wax-pollen pots were used for the storage 
of pollen. 

The first adult to emerge after the nest was placed in an observation 
box was a small worker or sterile female, on July 27, and additional 
workers henceforth appeared from time to time. An important point 
in connection with a discussion of the production of queens is the 
fact that a marked increase in the size of the workers was noticeable as 
the season advanced. Three very large workers emerged as late as 
September 17. My notes show that a total of thirty-one workers, 
nine queens, and seven males were produced by this colony while it 
was under my observation. The first males emerged from their cocoons 
(Figure 5) on September 19 and the first queens (Figure 5) on September 
23. The old mother queen lived until October 9, thus rounding out a 
life span of at least a year. In keeping with life in general she became 
very feeble during the last few days of her existence; in sharp contrast 
to the energetic and tireless individual of a few months before. 

Six days after I began a detailed study of this colony, the bees were 
allowed to forage for pollen and nectar. The workers soon took 
advantage of their freedom but the old mother queen never left the 
nest. It should be mentioned that the workers in this nest were exceed- 
ingly vicious and that it was necessary to remove them each time the 
comb was examined to avoid being stung. As soon as the workers 
were returned to their nest some of them would immediately proceed 
to cover the comb over again as best they could with the materials 
which were available in the nest-box. Mention has already been made 
of the storage of pollen in special wax-pollen pots. The surplus honey, 
however, was stored in empty renovated cocoons which were usually 
partially capped with a lid of wax-pollen composition. 
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2. Experiment 22, 1919. 

A few notes are presented regarding the history of this colony 
because the nest was found so early in the season that it illustrates the 
manner in which the comb is started by the queen under natural con- 
ditions. I accidentally happened upon the nest in the Brownfield 
Woods, near Urbana, Illinois, on June 20. As far as could be determined 
at the time, the comb was not started in an old mouse nest, but simply 



Figure 1 . Portion of the comb of Brenms americanorum , showing: a, small 
wax-pollen pocket on the side of a cell containing small larvae; b , similar 
pocket which has greatly increased in size and is equivalent to one of the 
pollen pots. 

in a small bundle of leaves which had settled in a slight depression on 
the ground among bits of decayed wood. The queen was the only 
bee found in the nest and the size of the comb and lack of empty cocoons 
was sufficient proof that no workers had been produced. In fact, I 
found the comb almost at its very inception; something which rarely 
falls to the lot of a student of the habits of bumblebees. 

In the nest there was found the characteristic wax-pollen honey-pot, 
ten millimeters in height*and twelve millimeters at its greatest width. 
Scarcely ten millimeters from this storage pot was a wax-pollen lump, 
thirteen millimeters in length, five millimeters in width, and six milli- 
meters in height. On this lump of wax and pollen composition (prih- 
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cipally of pollen) there were several cells containing eggs. For fear of 
causing the queen to desert her eggs, these cells were not closely 
examined to ascertain the number of eggs in each. As a result I have 
no record of the number of eggs they contained. Certainly, however, 
judging by the size of the egg cells the number of eggs in each cell was 
small. 

After examining the nest it was brought to the laboratory and 
placed in a small observation box with the queen. Much to my delight 
this transference of so young a nest was performed without causing the 
queen to desert her eggs. On June 26, young larvae were found in the 
incipient comb. Several cocoons were found in the nest on July 5 
and the first worker emerged on the ninth of July. This colony was 
under observation for some time after this latter date but since it was 
not subsequently studied in detail and provided no unusual data its 
further history is not presented. 

3. Experiment 28, 1919. 

On June 29, I removed to the laboratory for observation a nest of 
B. americanorum which was situated in a mouse nest a few inches below 
the surface of the ground. Six days previous to this date, a queen was 
observed to enter this nest but the nest was not examined at that time. 
On the day it was removed the nest contained the mother queen, two 
workers, five cccoons containing pupae, two brood clusters, two groups 
of egg cells containing a total of nine eggs, and three empty cocoons. 
The presence of three renovated cocoons, one containing pollen and 
two honey, was rather indicative that one worker was foraging when 
the nest was removed. No wax-pollen honey-pot separate from the 
comb was found in the nest when it was opened, but undoubtedly the 
growth of the comb had led to its destruction or its incorporation with 
the rest of the comb. 

Soon after the nest was placed in an observation box, the workers 
proceeded to put the nest in order by removing from the comb all 
particles of soil which had fallen onto it when the nest was removed 
and covered the nest with grass. On this same date a record was 
started of the development of the immature stages. During the next 
few days several small workers eirferged and these soon busied themselves 
in helping with the work. As an example of economy it was interesting 
to observe that the wax and pollen were removed from two cocoons 
soon after they were spun and transferred to a place where they were 
more needed. Three days after the colony was placed in an observation 
box another egg cell was constructed and five eggs laid in it. Mention 
should be made of the fact that the mother queen and workers greatly 
resented being disturbed and that this queen was one of the most aggres- 
sive bumblebee queens I have ever had under observation. 

During the first two weeks in July several things happened which 
are worthy of record. Soon after the appearance of small larvae, cup- 
shaped, wax-pollen structures were built on the sides of the cells con- 
taining them. The purpose of these cup-shaped structures was not 
discovered until a later date. On one occasion when examining an 
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egg cell in order to determine whether or not the eggs had hatched I 
accidently mutilated the cell walls more than was necessary. A worker 
which chanced upon this cell, immediately seized and ate one egg which 
was particularly exposed. One day two dead larvae and one pupa 
were dragged from the nest by the workers. In order to remove the 
pupa it was necessary for the workers to open the cocoon. It seems 
evident from this that the workers are capable of distinguishing between 
healthy, diseased, or dead larva? and pupae. On July 7, I observed that 
sometimes grains of pollen are incorporated into the wax-pollen covering 



Figure 2. Comb of Bremus americanorum , showing: a, cocoons; b , cocoons 
used for the storage of honey; c t wax-pollen pockets on the sides of cells con- 
taining small larvae; d, egg cell; e , cells containing larvae. July 20. 

of the brood clusters directly from the pubescence of the bee. On 
this date a worker returning from foraging in the field was observed to 
enter the nest box (the colony was released on July 5). The pubescence 
of this worker was completely dusted with pollen grains, but the cor- 
bicula were almost bare. With scarcely any hesitation this worker 
immediately took a position on a group of small larval cells and while 
standing there thoroughly scraped the grains of pollen from her body 
onto the wax-pollen covering surrounding them. These grains of 
pollen were then incorporated into the wax-pollen covering by other 
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workers. Twice during the early part of July I saw adult flies of 
Brachycotna sarcophagina (Townsend) in the nest and removed them. 

The last half of July the comb increased in size at a rapid rate and a 
photograph taken of this nest on July 20 is shown in figure 2. The 
mother queen at this time, though apparently as active as ever, plainly 
showed the effects of her ceaseless industry by the loss of much of the 
pubescence on the dorsal parts of her thorax and abdomen. She still 
continued to produce a considerable amount of wax, which could 
plainly be seen where it had exuded from her abdomen. More eggs 
were laid now than ever before and from nine to fourteen eggs were 
deposited in a single cell. This was a marked increase over the number 
of eggs which were laid in the cells during the early histoiy of the 
colony. The eggs continued to be contiguous to one another in a more 
or less horizontal plane. When the eggs first hatched all of the resulting 
larvae necessarily occupied the same cell. As the larvae increased in 
size each of them occupied its own particular position under the wax- 
pollen brood covering and the number of larvae in the group could be 
readily determined by counting the number of distinct swellings or 
raised portions. Before the larvae attained full size a further separation 
of the larvae occurred; due to the fact that the larvae then necessarily 
spun a considerable amount of silk which held intact the walls of the 
cells covering them. Upon several occasions I accidentally dislodged 
healthy larvae from their cells and they were always carried out of the 
nest by the worker bees. 

The construction of wax-pollen cup-shaped cells on the sides of 
young brood clusters still continued during the latter part of July. It 
became evident, also, that as the larvae grew these cells were often 
enlarged and eventually were used as receptacles for the storage of 
pollen. Pollen was scarcely ever found in them, however, when they 
were small. Workers continued to emerge during the last of July and 
it was quite noticeable that most of them were much larger than those 
produced during the early part of the season. Recently emerged 
workers appeared frightened whenever the nest was examined and 
oftentimes tried to hide between and among the cells of the comb. 
A couple of days after emerging, however, when the normal color of 
their pubescence was completely, attained, no difference was noticeable 
between them and older workers; all having a "vicious and aggressive 
disposition in common. On very hot days some of the workers fre- 
quently took a position near the entrance of the nest and fanned the 
air with rapidly vibrating wings. The origin of this ventilating of the 
nest, the basis of Goectart’s (1685) celebrated fable of a trumpeter 
bumblebee, offers considerable food for speculative thought. Bridges 
of a stiff wax-pollen composition were constructed in several places in 
the nest to connect the comb with the side walls of the nest. These 
structures served admirably as anchoring supports for the comb. 

The first of August two experiments were tried the result# of which 
well illustrate the temperament of the bees of this species. Firsts 
worker of B. auricomus (Robt.) was placed in this nest. Eight workers 
of americanorum immediately attacked the alien species and within 
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three minutes it was dead as a result of being stung by the bees. Inter- 
•ested to see the results of a reversal of this experiment, a worker of 
americanorum was jplaced in a nest of auricomus . The introduced 
worker was not attacked and ran about over the comb with impunity. 
On August 9, the first young queens of the season partially cut the 
tops from their cocoons and emerged. Although the history of this 
colony was not followed closely during the remainder of the season 
some observations were made which merit record. The old queen was 
found dead in a comer of the nest-box on September 1 1 . On Septem- 



Pigure 3. Comb of Bremus americanorum , showing: a, cocoons; b, wax-pollen 
pot on the side of a cocoon; c, cocoons used for the storage of honey; d , wax- 
pollen pocket on the side of cell containing small larvae; e , egg cell. 
August 15. 

ber 24, several egg cells containing eggs were found on cocoons. These 
were undoubtedly of worker origin. At nine o’clock in the evening 
on September 24 I brought the colony into the house where it was 
warm. The next -morning a worker returned to the place from which 
1 had removed the nett, indicating that the worker had remained* 
out-of-doors during the night. There still remained alive in the nest 
on October 3 twenty-three workers, and eight queens and, four mates 
which had emerged since the nest was brought into the house. Under 
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the influence of warm conditions two workers lived until the end of 
October, and a couple of males emerged as late as October 10. 

4. Experiment 29, 1919. 

On September 13, I removed to the laboratory a colony of Bremus 
americanorum which was situated in one side of a clay enbankment 
near White Heath, Illinois. The nest itself was about ten inches from 
the surface of the ground and reached by a tunnel. The opening to 
the tunnel was slightly below the level of the nest and accordingly 
surface water could not flow down into the nest by way of the tunnel. 
Judging from the interior of the nest it must have been made originally 
by a mouse and then selected by a searching bumblebee queen. The 
fact that the comb was slightly over one foot in diameter when found 
is indicative that the original cavity was enlarged by the bumblebees 
as the comb grew in size Additional proof of this supposition lies 
in the fact that some small pellets of clay were found near the entrance 
to the tunnel and many more had rolled down the side of the bank. 
This observation supports a statement made by Wagner (1907) which 
two recent students of the biology of bumblebees (Rladen, 1912, and 
Plath, 1924) have failed to verify. 

At the time the nest was removed an average of one worker per 
minute was returning to the nest with provisions of pollen and nectar. 
The nest contained ninety-eight workers of various sizes, seventy-one 
young queens, twenty-five males, four eggs, ten larval cells, eighteen 
wax-pollen cells containing pollen, and one hundred and thirty-four 
cocoons filled or partially filled with honey, besides two hundred and 
fifty-six cocoons containing larvae and pupae. The old queen was not 
discovered. The comb of this nest was so large that I had to divide 
it into two parts and place each half with an equal proportion of bumble- 
bees in separate observation boxes. A brief description of this colony 
has been given here because of its enormous size and because of several 
interesting experiments which centered around it. 

Three days after placing the comb and bees in observation boxes 
I allowed the bees the privilege of foraging for themselves. Advantage 
was taken of the situation thus created and a study made of the 
orientation flight of bees leaving the nest for the first time; or at least 
the first time in this location (20 miles from former nest site). The 
results of these observations will be presented elsewhere. During the 
latter part of September a male and queen were observed in coitu in 
one of the nest boxes. Evidently in this species mating sometimes 
occurs inside of the nest. Proof that the queens of this species some- 
times return to the nest after leaving it was provided by an observation 
of September 23 when I saw a young queen return to the nest from the 
field. Although but few workers emerged during the latter part of 
September, numerous queens and males emerged in abundance and 
continued to do so until October 8. On this latter date there still re- 
mained alive in one-half of the nest twenty-eight queens and four 
males. When the nest was last examined on November 11, the few 
bees which had remained in the nest were dead. 
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D. Biological Summary. 

1. Resume of Literature. 

The first reference in literature concerning the habits of this species 
is by Cresson (1803). This author recorded the capture of a nest of 
B . pennsylvanicus ( = americanorum ) on September 11 and says “It 
contained six females, thirty-four workers, and twenty-one specimens 
of Apathus elatus Fabr. ( — americanorum), all males. No males of B. 
pennsylvanicus were found in the nest.” The discovery of this nest 
was important as it threw some light on the status of B. nidulans 
Fabr. Among the males of the so-called A. elatus , “some had the anus 
entirely black, some black tipped with fulvous or yellow, some entirely 
yellow and others entirely fulvous.” The specimens with the apical 
abdominal segments fulvous are undoubtedly, as Cresson thought, the 
B. nidulans of Fabricius. Cresson erred, however, in considering these 
males to belong to Apathus ( = Psithyrus), for they were the true males 
of what he called B. pennsylvanicus. A short time later Putnam 
(1864) recorded finding on June 6 a queen of this species with her first 
larvae and eggs. 

The next biological information given in literature was published 
about thirty years after Cresson’s paper when Robertson (1890) recorded 
the finding of a nest of B. americanorum on August 20. This nest 
contained one queen, one hundred and twenty-one workers, and two 
males. Two other nests of this species were examined by Robertson 
on September 9. One of these contained ten queens, forty-six workers 
and ten males, while the second nest contained nine queens, fifty-one 
workers and one male. On this same date Robertson saw a male, 
similar to those taken in the nests, copulating with a queen of ameri- 
canorum. Robertson was convinced by his discoveries that the males 
he found in these nests ( Apathus elatus) were the true males of B . 
americanorum . Further, he recognized the fact that two distinct 
species were confused under the same name. One of these he referred 
to B. americanorum and the second to B. pennsylvanicus. The last- 
mentioned species was later described by Robertson (1903) as B. 
auricomus . 

Contemporaneous with Robertson's first paper there appeared an 
article by Coville (1890) who also advanced the idea that the males 
found by Cresson in the nest of B. pennsylvanicus ( = americanorum ) 
were the males of this bumblebee and not Apathus ( Psithyrus ). In 
spite of the accumulated evidence, Ashmead said in discussing Coville’s 
article that he “would hardly be willing to accept these conclusions as 
final until the insects had been reared from the egg.” The fact that I 
have reared these males from Bremus eggs, completes the chain of 
evidence, if additional f^cts are needed. With the knowledge that we 
now possess concerning the structure of Psithryus and Bremus such 
complete evidence as demanded by Ashmead is no longer required to 
satisfy ourselves as to the generic relationships of the bees found in the 
same nest. Such data are greatly needed, however, to substantiate 
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our ideas regarding the proper association of males and females of 
several species of Pratobombus occurring in the Western States. It 
should be mentioned at this point also that Apathus elatus was erron- 
eously used by older writers as the name for the males of several species 
of Bretnus. 

The next note on the habits of this bee was published by Banks 
(1902), who recorded that he found a specimen of this species sleeping 
on the under side of a wild carrot flower. He stated that the mandibles 
were not used in maintaining this position as oftentimes happens with 
certain other Hymenoptera. Four years later Fairchild and Barrett 
(1906) published a joint note on the copulation of Bombus fenridus . 
According to Franklin (1913), the species involved was B. atnericanorutn 
which, based on a study of the figures, is also my opinion. Fairchild 
and Barrett give the best description of the mating habits of bumblebees 
to be found in our literature. Their observations were made at 
Arlington, Virginia, about October 13. 

Puring the last twenty years our knowledge concerning the biology 
of this species of bumblebee has received marked impetus — due to the 
contributions of Franklin, Howard, Jackson, Frison, Rau and Plath. 
Franklin (1913) states that the nests of this species which he found were 
“usually built in deserted mouse nests on the surface of the ground,” 
but that sometimes their nests are subterranean. The largest nest this 
author found contained one queen, fifty rthree workers, twenty-three 
males, and seventy-eight cells, eighteen of which were queen cells. 
He also recorded finding a large “roll of pollen” which weighed 3.59 
grams. The substance of the note by Howard (1918) is the recording 
of a nest of this species which was found in a bulky sparrow nest “twenty 
or more feet from the ground . 9 7 Data concerning the time of appearance 
of the various castes in the vicinity of Washington, D. C., has been 
contributed by Jackson (1920). The first of the two papers by Rau 
(1922) records the finding of one nest of this species at Eureka, Mo., 
on July 12, which was in an old paint bucket hanging above the floor. 
Previous to its occupation by the bumblebees it had been occupied by 
wrens. A second nest was discovered by this same author in a “sack 
filled with straw, lying on the floor of an abandoned club-house. ” The 
second paper by Rau (1924) gives data regarding the homing instincts 
of this species and other information concerning their habits of interest. 
His experiments conclusively show, in agreement with my unpublished 
data, that bumblebees are not guided by any unknown sense in returning 
to their nests. 

The papers by Plath present much information of a varied and most 
interesting character, although none of them deal alone with this species. 
In his first paper dealing with our subject, Plath (1923a) records his 
failure to indupe queens of this species to start colonies in confinement; 
an experience which agrees with the results of the writer's experiments 
to date. In a second paper (1924) there is a brief mention of the 
incompatibility of americanorum with its closest relative even under 
exceptional conditions. In subsequent papers this same author has 
recorded the location and contents of a nest found near Boston (1927a) ; 
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the fact that americanorum is a “pocket-maker” and other information 
concerning the feeding of the larvae and nest economy (1927b); and 
data regarding seasonal adjustments (1927c) 

2. Anthophilous Habits 

The number of records of the flower visits of this bumblebee are very 
large and prove this American bumblebee to be polytropic as is the case 
with all others thus far studied in detail. These records have been 



Figure 4 Comb of Bremus americanorum from a side view showmg the growth- 
form of the comb and. a, wax-pollen pdts; b, cocoons of queens August 15 

summarized by Lutz and Cockerell (1920) with the exception of the 
following: 

Robertson (1891-1896): Triosteum perfoliatum , Cephalanthus occi- 
dentalism Lobelia leptostachys , Lobelia syphilitica , Lobelia cardinalis , 
Campanula americana , Verbena bastata , Verbena urticaefolia, Martynia 
proboscidea } Trifolium pratense, Baptisia leucophaea, Isopyrum biter - 
natum , Gaura biennis , Oenothera biennis , Oenothera fruticosa t Ludwigia 
alter nifolia , Hydrangea arbor escens r Sida spinosa, Abutilon avicennce t 
Hibiscus lasipcarpus , Oxalis violacea t Spiranthea gracilis ^ Orchis 
spectabilism Astragalus fnexicanus , Cercis canadensis , Amphicarpaea 
pitcher i> Cassia chamaecrista } Cassia marilandica t Desmodium pani- 
culatum, Desmodium dillenii t Desmodium caspidatum, Desmodium 
canadense, Camassia fraseri. 

Jackson (1920) : Chrysopsis mariana and Cirsium lanceolatum . 
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3. Duration of the Developmental Stadia. 

The present deductions regarding the developmental stadia are 
derived from tables similar to those presented in the first article of this 
series (Frison, 1928). Because of the extensiveness of these tables and 
for the sake of economy they are not presented. It may be of interest 
to add, however, that the colony in Experiment 16, 1917, was examined 
fifty-three times from July 27 to September 29 in order to secure the 
data here briefly summarized and the colony in Experiment 28, 1919, 
was subject to examination fifty-four times during the interim of June 
29 to August 9. 

As in the case of all species of bumblebees thus far studied, the 
egg stage is the shortest in duration and lasts about four and one-half 
days for queens, workers or males. The larval stage is subject to con- 
siderable variation. For the workers this period varied from eight to 
eighteen days and about eleven to twelve days was the commonly 
encountered period. The known larval period of one group of larvae 
which produced males was twelve days and similarly for the queens one 
group required thirteen days in the larval stage. The pupal stage 
varied between six and nine days for the workers, seven to ten days for 
the males, and ten to fourteen days for the queens. 

Correlated with the variation found in the duration of the various 
stadia there was found a variation in the duration of the complete 
developmental cycle. The workers required between twenty-one and 
thirty days to reach maturity after the eggs were laid, the queens 
twenty-nine to thirty-five days and the males about twenty-five days. 
It is significant (Frison, 1927) that large workers required more time to 
complete their development than did the smaller workers. 

4. Seasonal Appearance of the Castes. 

When compared with certain other species of bumblebees the 
majority of the queens of americanorum leave their hibemacula rather 
late in spring. I have never found the queens flying in the vicinity of 
Urbana, Illinois, in the month of March. Occasionally they may be 
seen on the wing during the latter part of April, but the great majority 
of them are first seen in May. It is not uncommon, also, to find the 
queens flying during the last of June 'at a time when the colonies of 
B. bimaculatus are well advanced (Frison, 1928). The earliest records 
which I have of the capture of these queens in Central Illinois for a 
period of years are: May 5, 1911, Champaign, Illinois; May 4, 1914, 
Urbana, Illinois; April 23, 1915, University Woods, Urbana, Illinois; 
May 24, 1916, Urbana, Illinois; April 23, 1917, White Heath, Illinois; 
May 22, 1919, Urbana, Illinois; and May 8, 1920, Oakwood, Illinois. 

According to the data presented in literature, those of Experiments 
16, 28, 29, and those given under a discussion of the size of the colonies 
and mating, the great majority of the young queens are produced during 
the last of August and September. Many queens emerge even as late 
as October. In correlation with the production of young queens, the 
males are usually produced in late summer and fall. Instances of course 
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do occur where the males are found earlier than this and I have taken 
specimens at Philo, Illinois, as early as July 14. The early appearance 
of a few males is often caused by egg-laying workers in a colony where 
the queen has become lost or killed. 

Because of the comparative lateness of the appearance of the queens 
in spring, the workers are seldom found in the vicinity of Urbana, 
Illinois, at an early date. The earliest record that I have for a worker 
in this vicinity is June 24, 1911. Experiment 16, 1917, and Experiment 
28, 1919, both show that the first workers were not produced in these 



Figure 5. Male and queen cocoons of Bremus americanorum. 

colonies until the last of June. After the appearance of the first workers, 
the number encountered in the field rapidly increases, and their 
maximum abundance occurs during the middle or last of August. 

A large amount of data in my possession concerning the time of 
capture of all castes of this species in other parts of its range, confirm 
in general what has just been stated relating to the time of appearance 
of the various castes. In the southern part of the range of this species 
the appearance of the over-wintering queens is hastened. Accordingly, 
the queens in such regions are common in March. This, of course, 
hastens the production of the worker caste and undoubtedly has its 
effect upon the span of existence of the colony and the time of rearing 
of the sexual castes. 
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5. Caste Ratio. 

It is fairly evident that many more workers are produced as a rule 
than either males or queens. In large colonies, however, the combined 
number of males and queens may occasionally equal the number of 
workers. Examination records are not sufficient to show whether 
more males are produced than queens, or vice versa, but generally in 
my observation boxes a larger number of males emerged than did queens. 

6. Size of Colonies. 

Although the size of colonies of bumblebees varies as the result of 
their being the victims of favorable or unfavorable circumstances 
beyond their control, it is also true that certain species produce under 
optimum conditions smaller colonies than certain other species. The 
colonies of B. americanorum average very large in comparison with other 
Illinois species such as B. auricomus, B. bimaculatus and B. vagans. 
This is probably best explained on the basis of the high fecundity of the 
queens (I have found nineteen eggs in a single cell) and the long seasonal 
adjustment of the species. In the following table is given a summary of 
the contents of some of the natural colonies found near Urbana, Illinois, 
from 1919 to 1927. 

Summary of the Contents of Some of the Natural Colonies. 


Date 

Work- 

ers 

Queens 
(Young 
& Old) 

Males 

Old 

Cocoons 

Good 

Cocoons 

(LorP) 

Eggs 

Larvae 

Pollen- 

pots 

June 20 

0 

1 

0 

0 

0 

? 

0 

1 

July 23 

4 

1 

0 

4 

15 

33 

15 

? 

July 26 

44 

1 

0 

78 

18 

49 

22 

12 

August 4 

11 

1 

0 

23 

8 

18 

21 

? 

August 4 

17 

1 

0 

45 

32 

52 

? 

? 

August 12 

23 

0 

11 

36 

17 

7 

48 

16 

August 28 

7 

8 

7 

5D 

29 

? 

5 

? 

September 6. . 

69 

11 

10 

? 

45 

? 

31 

19 

September 9. . 

76 

57 

46 

? 

101 

28 

35 

16 

September 14. 

38 

21 

9 

133 

34 

0 

0 

1 

September 13. 

98 

71 

25 

' ? 

236 

4 

? 

18 

September 17. 

27 

25 

24 

278 

80 

8 

15 

? 

September 25. 

13 

16 

5 

192 

48 

? 

? 

? 

September 26. 

15 

? 

? 

244 

10 

? 

34 

? 

October 3 

10 

0 

0 

? 

0 

0 

0 

? 


It can readily be seen from this table that the colonies of this species 
are most populous in late summer and early fall. One of the nests 
examined on September 13 contained one hundred and ninety-four adult 
bees, besides two hundred and fifty-six cocoons from which the adults 
had not as yet emerged. Almost all of these latter cocoons eventually- 
produced either males or queens, but a few produced workers; making a 
known total of more than four hundred bumblebees produced in this 
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nest. The average number of bumblebees of this species produced in a 
nest, however, is commonly less than two hundred. Mention has 
already been made that the comb in Experiment 29, 1919, was over 
twelve inches in diameter and I may add that it was nearly five inches 
in height in some places. 

7. Variation. 

This species does not exhibit striking variations in the color of the 
pubescence of the female castes. Certain specimens, of course, show 



Figure 6 Type of community in which the colonies of Bremus americanorum 
are most frequently found in the vicinity of Urbana, Illinois. 


more yellow or black pubescence than do others, but such variations are 
not pronounced and as far as my records are concerned can not be 
associated with definite localities or geographical areas. In the case 
of the males, however, marked color variation is more common and the 
various color phases occurring have caused the making of several 
synonyms. The apical dorsal abdominal segments of the male may be 
black, yellow, ferruginous? or combinations of these colors. All these 
color variations may occur within the same nest as I have repeatedly 
observed. Cresson (1863) was the first to note the occurrence of males 
with black, yellow, or combinations of these two colors in the same nest, 
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but he thought the males involved belonged to what is now known as 
the genus Psithyrus. Franklin (1913) does not mention the occurrence 
of these differently colored males in the same nest, but in his description 
of the male of americanorum correctly includes the various colored forms. 
I have frequently found the differently colored males in the same nest, 
but the red-tailed forms were always the rarest One colony of this 
species which I studied in 1917, contained on September 12, twenty-six 
males. Twelve of these had black, eleven yellow and black, and three 
ferruginous pubescence on the apical dorsal abdominal segments. 

Although variation in size exists in all castes, it is particularly 
pronounced in the case of the workers. The workers that are produced 
in the earlier part of the season are often very small, whereas those that 
are produced later in the season may nearly equal the queens in size. 
The variation in the size of the males is oftentimes considerable, but 
it does not compare with that found in the workers. In a recent 
publication (Frison, 1927b) an illustration was presented showing all 
three castes and the variation in size shown by the females and males. 
In that paper data were presented indicative of the fact “that poly- 
morphism of the females is due to trophogeny. ” Apparently all the 
females which measure over eighteen millimeters in length, have a width 
of ten millimeters at the second abdominal segment and are produced in 
late summer or fall, hibernate and start colonies in spring. The smallest 
worker of this species that I have studied measured but nine millimeters 
in length. 


8. Cocoons and Food Storage. 

The first structure used by the queen in spring for the storage of 
food is the wax-pollen honey-pot. This is constructed a short distance 
from the first egg cells or incipient comb. After the first workers 
emerge, this honey-pot is destroyed or loses its identity because of the 
rapidly expanding comb. As soon as empty cocoons are available 
they are renovated and used for the storage of honey and when full of 
honey are frequently capped with a hood of wax-pollen composition. 
It usually happens that there are more empty cocoons than honey 
surplus and accordingly many cocoons are not utilized for any purpose. 
I have seen the cocoons of males and queens utilized for the storage of 
honey as well as those of the workers, showing that size has nothing to 
do with their selection for honey storage. Sometimes fairly large 
quantities of honey are found in the cocoons in late summer and early 
fall and this has led to the destruction of many colonies of these 
beneficial insects by thoughtless individuals. One nest of this species 
which I examined on September 17, at White Heath, Illinois, contained 
two hundred and seventy-eight cocoons which had produced adults 
and one hundred and eighty-nine of these contained honey. 

Mention has already been made of the fact that this species of 
bumblebee makes small cup-shaped wax-pollen pockets on the sides of 
small groups of larvae and hence belongs to the “ Pocket-maker 4 ’ section 
in the terminology of Sladen (1912), the Marsipoea of Plath (1927b) and 
the Odontobombus of Kruger (1917). The last-mentioned term was 
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originally applied to the bumblebees upon the basis of structural 
characters, but since it applies to a natural biological unit equivalent 
to the Marsipoea it may conveniently be used for both systematical 
and biological groupings. When these pockets are small they nearly 
always appeared to be empty, but twice I have seen a little pollen in 
them. As the larvae grow larger these pockets disappear or are con- 
siderably enlarged and used for the storage of large quantities of pollen. 
When so enlarged and altered their origin is easily overlooked. Less 
frequently the pollen is stored directly in renovated cocoons. The 
pollen found in the 4 ‘pockets'* on the sides of groups of small and 
medium-sized larvae in the case of the “Pocket-makers" is thought by 
Sladen (1912), Wagner (1907) and Plath (1923a) to be directly utilized 
by the larvae. The location of these pockets and the storage of pollen 
in them is suggestive of the fact that this pollen is directly used by the 
larvae as food but not conclusive. Certainly, in the case of this species, 
many of the medium to large-sized larvae are fed a regurgitated liquid 
food directly by the bees through openings in the larval cells and this 
method of feeding may be resorted to earlier. The nature and quanti- 
tative distribution of this liquid food to the various castes still awaits 
much research. In Figure 1, one of these small pockets can be seen 
attached to a group of small larvae, and also alongside of the cocoons 
several of the large wax-pollen pots which originated as pockets. Figure 
4 shows a side view of the same nest and the large wax-pollen pots. 

The largest cocoons found in nests in late summer and fall are almost 
certain to produce queens. The cocoons which produce males are 
usually larger than those which are spun by the workers in the early 
summer. One cocoon of a male that I measured was nearly sixteen 
millimeters in height and twelve millimeters at its greatest diameter. 
The cocoons of queens are often nearly twice the size of those of males 
or workers. Figure 5 is a photograph, somewhat enlarged, of queen and 
male cocoons of this species. 


9. Mating. 

Mating takes place under natural conditions with this species 
usually in the latter part of August or September. Robertson (1890) 
has recorded seeing a male and female mating on September 9, and the 
observations by Fairchild and Barret (1906) were made in October. 
I have frequently seen males try to copulate with queens in my observa- 
tion boxes in the early part of September, and in several instances 
they were actually seen in coitu within the nest. In such cases the males 
mated with queens produced in the same nest. As recorded elsewhere, 
the writer (1927c) has successfully induced males and queens of this 
species to mate under controlled conditions. 

One frequently becomes aware of the presence of nests of american- 
orum through seeing numbers of the males circling about close to the 
ground over the place of u the nest. Oftentimes they rest on the top 
of the nest if it happens to be a grass-covered one on the surface of the 
ground. This behavior of the males is associated with mating, for 
they are merely waiting to mate with the young queens when they 
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leave the nest. Several times I have found males and queens mating 
while resting on the ground near the nests from which the queens 
evidently came. 


10. Nesting Situations. 

Almost any dry and protected situation affording material for 
covering the comb is selected by queens of this species for their nests. 
It is not uncommon for queens of americanorum to utilize bird nests 
for a nesting site as evidenced by the records of Howard (1918), Rau 
(1922) and my discovery of a colony which was located in an old wood- 
pecker’s nest seven feet above the ground. Usually, however, the 
abandoned nest of a mouse on or a short distance beneath the ground, 
and which is exposed to the warming influence of the sun, is selected 
by a queen as the site of her nest. As a result of this preference for 
exposed situations, the nests of this species are the ones most often 
encountered in open fields and grassy slopes in the vicinity of Urbana, 
Illinois (Figure 6). Subterranean nests are frequently found and, 
according to my experience, nests just below the surface of the ground 
where the soil is readily warmed by the sun are usually more populous 
than those on the surface of the ground. 

11. Temperament. 

The examination and study of many nests of this species have con- 
vinced me that americanorum is one of the most vicious and irritable 
species of bumblebee in Illinois if not in North America. That I am 
not alone in this judgment of americanorum is evident from the writings 
of Howard (1918), Rau (1922-1924), and Plath (1927a). Upon several 
occasions I have been forced to postpone my removal of their nests, 
by the use of an anesthetic, because of the vicious attacks of the workers. 
When their nest is disturbed many of the workers fly about in all 
directions and scout for the evil-doer. If their scouting is not successful, 
some of them will then alight on the ground near the nest and remain 
there a considerable time, ever on the alert for the reappearance of their 
potential enemy. If objects, such as an insect net, are left on the 
ground near the nest due to a hurried retreat, many of the workers will 
promptly settle on them; thus showing that they recognize such objects 
as foreign to their usual surroundings. The sting of this bee is quite 
painful to me and on one occasion a sting just back of the ear on a small 
blood vessel caused my hands and feet to swell and red blotches to 
appear all over my body. Fortunately, these effects disappeared within 
twenty-four hours. 


12. Fighting. 

Although fighting among the bumblebee queens in spring over 
nesting sites is not confined to any one species, B. americanorum is a 
species much addicted to this habit. The finding of old dead queens in 
the heterogeneous covering about the comb upon several occasions is 
mute testimony of such fighting. In one nest I found four old dead 
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queens in addition to the live mother queen. Whether the queen first 
to locate the desired site was the living queen is problematical. Under 
controlled conditions fighting frequently occurs if two queens of ameri- 
canorum are placed in the same nesting box in the spring. 

Another interesting feature of the invasion of nests by queens is 
that queens will occasionally take up their abode in the nests of other 
species. A most interesting example of this type of parasitism was 
discovered during the first of August in 1919. When I found the nest 
I took it to be a colony of JB. separatus (Cresson) because a worker of 
this species rushed out in defense of the nest. When the nest was 
opened — it was a surface nest — I was much surprised to find that I 
was dealing with a mixed colony. The queen controlling the nest 
belonged to the species B. americanorum. Evidently she had invaded 
in the earlier part of the season a recently started nest of B. separatus . 
Besides the worker of B. separatus which I caught at first, the nest 
contained another worker of the same species and the empty cocoons 
from which each had emerged. Furthermore, in the nest debris I 
found the old dead queen of B. separatus. Here, then, was a case where 
a queen of B. americanorum had invaded the nest of B. separatus , 
killed the separatus queen and either reared the separatus brood or 
adopted them ! A colony of bumblebees subjected to such vicissitudes 
probably never attains anything like normal size, as was the case in 
this instance. Sladen (1912) reports that twice he has found very small 
colonies of B. lucorum which were ruled by a queen of B. terrestris. 
The queen of B. lucorum had evidently been killed by the invading 
queen; in fact, Sladen found the dead queen of lucorum. It is interest- 
ing to note that in the cases reported by Sladen and the one I have 
mentioned, the more vicious species of bumblebee was the victor and 
also the invader. In the case of B. terrestris and B. lucorum the species 
are very closely related and such invasions are not as startling as with 
B. americanorum and B. separatus which not only belong to different 
subgenera but to different sections. 

13. Parasites and Inquilines. 

As already stated in literature (Frison, 1916 and 1926b), the nests 
of americanorum are invaded by the social parasites Psithyrus variabilis 
(Cresson) and the reader is referred to these articles for a detailed 
account of these interesting social parasites and how they influence the 
community life of their host. Among the most serious parasites of 
this bumblebee are Brachycoma sarcophagina (Townsend) which kill 
the larvae and pupae, and Physocephala sagittaria (Say) which kill, the 
adults. Information concerning these species has already been published 
and need not be repeated (Frison, 1926). The nests afford a lodging 
place for a motley assortment of occasional lodgers and scatophagus 
associates (Frison, 1926); the most common in Illinois being the larvae 
of Fannia scalaris Fabr., 1 Antheropkagus ochraceus Mels., and Vitula 
edmandsii (Packard). The latter may ruin the comb. I have taken 
nearly four hundred and fifty larvae of Fannia in a single nest and few 
nests are found without them. 
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14. Domestication. 

Plath (1923a) has attempted the semi-domestication of americanorum 
and so has the writer (1927a), but thus far no one has been able to 
successfully induce queens of 1 B. americanorum , or its close relative B. 
fervidus , to develop colonies under controlled conditions. Of course, 
the nests may be successfully removed from natural locations and 
placed in observation boxes without greatly retarding the development 
of the colony. Both Plath and myself have found it easy to induce 
the queens to start a nest and lay eggs, but due to some peculiarity in 
feeding habits the larvae have always died. Until this difficulty is 
over-come, the laboratory and economic exploitation of an otherwise 
most worthy species of bumblebee will be limited. 
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INTRODUCTION. 

The phenomenal spread of the Mexican bean beetle, Epi- 
lachna corrupta, in the Eastern United States and its poten- 
tialities for destroying the bean crop are viewed with alarm by 
neighboring states now free of the beetle. 

Many people believe the beetle can live almost anywhere 
and withstand great extremes of temperature. Metcalf and 
Flint state “further spread is sure to occur and in time its 
range will probably extend over almost the entire country.” 
The Mexican bean beetle is still spreading into new territory, 
mostly in a northeasterly direction. I'his has been attributed 
by Thomas (1924) to winds, which come from the southwest. 
A study of the physical ecology of the beetle indicates that it 
has very definite requirements of moisture and temperature, 
the correct interpretation of which should enable us to map 
with some degree of accuracy the final limits of its distribution 
in the United States. Such a study should also enable us to 
determine those regions in which the insect may be expected to 
be of economic significance each season as well as the areas that 
will suffer occasionally, due to a series of favorable years. 
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LITERATURE. 

Howard (1924) was the first to record the effect of the hot, 
dry period of 1921 at Birmingham, Alabama. He states, 
“Many thousands of pupae gradually turned brown and died.” 
The experimental effects of sunlight were also tested by Howard, 
and he states “An exposure to direct sunlight for two minutes 
was fatal to first instar larvae one day old when shade temper- 
atures registered 96° F.” Since the bean beetle occurs in de- 
structive numbers both in the arid west and the humid east, 
Graf (1925) concludes that the climatic factors of temperature 
and humidity are not important factors in limiting the distribu- 
tion of this pest. In the season of 1925 a very severe drought in 
Tennessee almost wiped out the entire bean beetle population 
(Marcovitch, 1926). These observations led the author to 
make a study of the physical ecology of the beetle, which has 
been continued to date. Howard (1927) and Transeau (1927) 
made a study of the distribution of the bean beetle in Ohio, 
and they conclude that the beetle’s environment corresponds to 
the area originally covered with the mixed mesophytic forest, 
such as is found in eastern and southern Ohio. In South 
Carolina, Eddy and McAlister observed that the hot, dry 
summers of 1925 and 1926 killed off great numbers of bean 
beetles and prevented the general establishment of the pest 
throughout the Piedmont section. During the heat waves of 
1926 “All of the eggs, larvae and pupae, and some of the adults, 
were killed in many fields under observation.” Sweetman 
(1929) summarizes the literature and shows that the western 
infestation in the United States is largely confined to areas where 
moisture is added to the fields through irrigation. 

THE MEASURE OF DROUGHTINESS. 

The Mexican bean beetle is undoubtedly affected-by droughty 
periods, and the question arises how to measure the intensity of 
a drought. The simplest method is to record the amount of 
rainfall. This method is unreliable because of the large run-off 
that often takes place. The southeastern United States com- 
prising Florida, the {southern half of Alabama, Georgia, and 
South Carolina, with a high ratio of rainfall to evaporation is 
nevertheless subject to frequent droughts. The measure of 
precipitation in this area does not give an adequate idea of the 



668 


Annals Entomological Society of America [Vol. XXIII, 


environment. The rainfall comes in torrential storms which 
dissipate their water in surface run-off. As high as 80 per cent 
of a 2.5 inch rainfall falling in four hours may be lost by run-off 
(Chilcott, 1911). Columbia, Couth Carolina, with 47.55 inches 
of annual rainfall may have 62 drought periods in nine years 
whereas Ames, Iowa, with only 30.4 inches of rainfall may have 
but 23 drought periods (Williams, 1911). Thus the degree of 
temperature and the amount of rainfall required to produce a 
particular value of relative humidity will differ in the northern 
United States as contrasted with the southern. 

Kincer (1919) maps those areas showing thirty consecutive 
days, or more without .25 inch of rainfall in 24 hours. These 
records point out that the central Appalachian district including 
Eastern Tennessee is least subject to droughts, which occur 
but one year in three. The plains sections are the most subject 
to droughts. Munger (1916) suggests that the intensity of a 
drought is most important and increases in a geometric relation 
to the length of the dry period. The single variable used is 
the length of the period without a 24-hour rainfall of .05 inch. 
The following formula is used viz.: 

Severity of Drought = Length of Drought X Vz Length of the Drought. 

Such a formula may approximate the actual conditions of 
the Pacific slope. East of the Rocky Mountains the summer 
rainfall is more abundant. The high temperatures that fre- 
quently prevail, however, also greatly lower the humidity of 
the air. The two factors are closely interdependent. In order 
to incorporate both temperature and rainfall, the following 
drought index appears to be a measure of the conditions during 
a droughty period in harmony with the climatic requirements of 
the bean beetle, in the eastern United States. 



Where L = the total number of two or more consecutive days above 90°F. for 
the months of June, July, August, and September, and R * the total summer 
rainfall for the same months. 

With this formula, the intensity of a drought is made to 
increase as the square of its duration, and includes both factors 
of temperature and precipitation. 100 is used in place of 1 in 
order to avoid decimals. A drought varies directly as the 
temperature, and inversely as the precipitation. 
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TABLE I. 


L /lOOV 

Climatic index numbers, using the formula L X — XI ) where L = the suc- 

2 \ R / 

cessive number of days above 90°F. and R = the summer rainfall. 


Locality 

L 

LX- 

2 

Summer 

Rain- 

fall 

(100) 

(R) 

(t)‘ 

Index 

Number 

Birmingham, Ala 

164 

16.5 

6.0 

36 

5,904 

Montgomery, Ala 

244 

16.0 

6.25 

39 

9,516 

Centerville, Ala 

309 

23.0 

4.37 

19.1 

5,871 

Yuma, Ariz 

3533 

1.1 

90.0 

8100. 

2,861,730 

Little Rock, Ark 

173 

15.0 

6.66 

44.35 

7,612 

Fort Smith, Ark 

160 

14.58 

6.85 

46.92 

7,504 

San Francisco, Cal 

1 

.5 

200. 

40,000 

40,000 

Denver, Colo 

11 

6 5 

15.38 

237.1 

2,607 

Greeley, Colo 

64 

5.7 

17.54 

306.2 

19,584 

Jacksonville, Fla 

96 

26 

3.84 1 

14.74 

1,421 

Tampa, Fla 

292 

32.77 

3.05 

9.3 

2,715 

Miami, Fla 

5 

32.56 

3.07 

94.24 

470 

Orlando, Fla 

632 

29 

3.44 

11.83 

6,457 

Atlanta, Ga 

33 

16.3 

6.13 

37.57 

1,237 

Thomas ville, Ga 

168 

21.9 

4.56 

20.79 

3,494 

Springfield, 111 

35 

13.4 

7.46 

55.65 

1,946 

Vincennes, Ind 

205 

15.5 

6.45 

41.60 

8,528 

Des Moines, Iowa 

33 

15.5 

6.45 

41.60 

1,372 

Lawrence, Kan 

96 

17.7 

5.64 

31.80 

3,052 

Tribune, Kan 

132 

8.6 

11.62 

134.5 

16,758 

Baton Rouge, La 

190 

23 

4.34 

18.83 

3,572 

New Orleans, La 

211 

23.09 

4.33 

18.74 

3,945 

Shreveport, La 

521 

12.76 

7.87 

61.93 

31,749 

Mexico City, Mex 

1 

16.7 

5.98 

35.76 

36 

Battle Creek, Mich 

19 

13.4 

7.46 

55.65 

1,056 

St. Paul, Minn 

10 

14.7 

6.80 

46.24 

460 

Jackson, Miss 

416 

15.7 

6.37 

40.57 

16,848 

Columbia, Mo 

56 

13.8 

7.24 

52.41 

2,934 

Helena, Mont 

4 

4.9 

20.4 

416.1 

1,664 

Glasgow, Mont 

30 

*6.4 

18.5 

342.2 

10,260 

Boston, Mass 

6 

135 

7.40 

54.76 

328 

North Platte, Nebr 

45 

9.92 

10.0 

100 

4,500 , 

Bismark, N. D 

13 

8.9 

11.23 

125.4 

1,625 

Agr. College, N. M 

862 

5.3 

18.86 

353.4 

304,286 

Columbus, Ohio 

18 

12.7 

7.87 

61.93 

1,114 

Hamilton, Ohio 

106 

14.7 

6.80 

40.24 

4,876 

Oklahoma City, Okla.. . . 

500 

12.6 

7,93 

62.88 

31,400 

Muskogee, Okla 

160 

13.06 

7.7 

59.29 

9,488 

Portland, Ore 

10 

4.9 

20.40 

416.1 

. 4,160 

State College, Pa 

7 

15 

6.66 

44.3 

310 

Columbia, S. C 

88 

17.9 

5.58 

31.13 

* 2,728 

Charleston, S. C 

34 

17.7 

5.64 

31.80 

1,079 

Pierre, S. D 

49 

9.2 

10.86 

116.6 

5,684 

Crossville, Tenn. ! « 

1 

18.23 

5.49 

30.14 

30 

Knoxville, Tenn 

28 

15.2 

6.57 

43.16 

1,218 

Knoxville, Tenn. (1925).. 

197 

7.35 

13.6 

184.9 

36,425 

Nashville, Tenn 

50 

15.01 

6.66 

44.35 

2,2*7 

Jackson, Tepn 

223 

14.4 

6.94 

48. f 6 

10427 

Wildersville, Tenn 

164 

15.0 

6.66 

44.35 * 

7,265 
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TABLE I — Continued. 


Locality 

L 

LX- 

2 

Summer 

Rain- 

fall 

(100) 

(R) 

£)’ 

Index 

Number 

Trenton, Tenn 

326 

13.6 

7.35 

54.02 

17,604 

Savannah, Tenn 

470 

13.5 

7.40 

54.76 

25,709 

Perry ville, Tenn 

342 

13.5 

7.40 

54.76 

18,810 

Austin, Texas 

1,612 

10.6 

9.43 

88.92 

134,416 

Galveston, Texas 

32 

19.15 

5.23 

27.35 

873 

St. George, Utah 

953 

2.89 

34.60 

1,197 

1,140,741 

Moab, Utah 

500 

2.87 

34.84 

1,211 

605,500 

Roanoke, Va 

66 

15.3 

6.53 

42.64 

2,811 

Diamond Sp., Va 

16 

23.7 

4 22 

17.80 

284 

Fort Laramie, Wyo 

71 

4.9 

20.4 

416.1 

28,536 

Border, Wyo 

5 

4 7 

21.3 

453.6 

2,268 


THE CLIMATE OF TENNESSEE. 

Tennessee has an average precipitation of 50 inches and an 
average temperature of 58° F. The rainfall type that character- 
izes Tennessee has a winter maximum and a well marked 
minimum in autumn. Due to its great length, a variety of 
climates exist. Eastern Tennessee is mountainous and includes 
the Great Smoky Mountains, a region abundantly favored with 
moisture. The annual precipitation in these mountains reaches 
60 inches or more, while the mean temperature is but 45° F. 
Knoxville is located in a valley between the Smoky and the Cum- 
berland mountains with a mean temperature of 56° F. and has 
49 inches of rain. Middle Tennessee has a mean temperature 
of 58° F. and about the same amount of rainfall. West 
Tennessee is more or less flat, with a mean temperature of 
60° F. and 50 inches of rain, and is adapted for cotton raising. 

A study of the distribution of the insect in Tennessee 
clearly shows that the beetle reached East Tennessee first, 
gradually spreading to Middle Tennessee and spread very 
slowly towards the western third of the State. At first the 
absence of the bean beetle in West Tennessee proved puzzling, 
but the unprecedented drought of 1925 threw much light on 
the natural spread of the beetle as well as its capacity for 
destruction. The bean crops of 1923 and 1924 in Eastern 
Tennessee were almost completely ruined, due to a series of 
favorable years for the beetle, whereas in the drought period of 
1925 the insect almost disappeared. The influence of such 
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factors as temperature and moisture was clearly evident. 
Normally Eastern Tennessee is least affected by droughts 
during the growing seasons of June, July and August. The 
fact that the beetle is most consistently injurious in normal 
years indicates that East Tennessee possesses favorable con- 
ditions for multiplication. A drought such as occurred in 1925 
is exceptional. The temperatures were greatly above normal 
and the rainfall amounted to 7.35 inches (see Fig. 1). The 
months of June, July, August and September registered 60 
days above 90° F. and a drought index of 36,425, whereas 
normally but 23 such days occur and the index is 1218 (Table I). 
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Fig. 1 . Monthly precipitation at Knoxville, Tenn. 

Nashville and Middle Tennessee show an index of 2217, and 
are somewhat less favorable for the beetle. Crossville, Ten- 
nessee, located on the Cumberland Plateau at an elevation of 
1800 feet, shows a low index of 30, and suffers from beetle 
attacks accordingly. The years 1928 and 1929 in Knoxville 
were normal years, and the abundance of the bean beetle was 
evident. 

In West Tennessee we find a somewhat lower summer rain- 
fall than in East Tennessee and higher temperatures. Jackson 
averages 47 days or ‘more above 90° F., and has an index of 
10,927. When these values are plotted West Tennessee shows 
a curve approaching that of East Tennessee for 1925 (Fig. £). 
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Although West Tennessee shows considerable uniformity, the 
eastern counties, such as Carroll and Henderson were the only 
ones to report serious damage by the bean beetle. A study of 
the temperature records of these counties shows that they are 
cooler than the adjacent counties such as Gibson and Madison. 
In West Tennessee, Carroll and Henderson counties are fre- 
quently referred to as “hill country.” For Henderson County 



Pig. 2. Number of days above 80. 


the only weather records available were for Wildersville which 
showed an index of 7,265. Jackson, only about 25 miles west 
shows an index of 10,927, while Gibson County shows an 
index of 17,604. West Tennessee is often spoken of as a unit, 
but these figures show that some towns are much hotter than 
others only 20 miles distant. In other words, West Tennessee, 
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in average years appears unfavorable for the multiplication of 
the beetle. In favorable years such as 1928 and 1929 with 
abundant summer rainfall the beetle will spread further west, 
and show greater capacity for destruction. During unfavorable 
years the beetle may actually lose territory formerly occupied 
as occurred in South Carolina in 1925 (Eddy, 1927). 

THE HUMID EAST FAVORABLE FOR THE BEETLE. 

The climates of the eastern states, especially those bordering 
the Atlantic Ocean, are comparatively humid, and approach 
the marine type of climate. As a group, they represent a 
combination of temperature and moisture most suitable for 
the life of the bean beetle. The region in the vicinity of Nor- 
folk, Virginia, shows a drought index of only 284. Injury by 
the beetle is known to be severe in this section. Other localities 
show equally favorable conditions, such as State College, 
Pennsylvania, with an idex of 310. 

THE LIMITING FACTORS OF THE SOUTHERN 
PLAINS STATES. 

The southern plains states, such as Kansas and Oklahoma, 
have a typically continental climate, characterized by wide 
extremes of temperature, with a good wind movement and high 
rate of evaporation. The occurrence of precipitation is irregular 
and droughts are relatively frequent. “Hot winds” are also 
characteristic, with temperatures ranging from 100° to 116° F., 
causing great injury to growing crops and even to the bark of 
trees. In the western half of the state great damage is often 
caused in a dry season in winter from high winds blowing the 
loose soil of wheat fields, leaving the roots of the plant bare. 

It is quite evident that western Kansas is not only too hot 
for the bean beetle in summer, but offers very poor hibernating 
quarters in winter. The drought index for Tribune, Kansas, is 
16,758, while that of Lawrence, Kansas, is 3,052. Assuming 
that the beetle can not exist in localities with an idex over 
10,000, Lawrence possesses a favorable climate, while Tribune 
is highly unfavorable. Oklahoma is also unsuitable for the 
bean beetle, since Oklahoma City has an idex of 31,400. Texas, 
with the exception of the higher portions of the western part, 
and a narrow strip along the Gulf, is much too hot for the 
beetle. Austin, Texas, has the high drought index of 134,116. 
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DROUGHT CONDITIONS IN THE GULF STATES. 

Although the Gulf states are favored by abundant pre- 
cipitation, drought periods are frequent because of the irregu- 
larity of the rainfall and frequency of torrential rains which 
dissipate in surface run-off. Montgomery, Alabama, for ex- 
ample, although favored with a summer rainfall of over 16 
inches, is subject to hot spells in summer time with a large 
number of days above 90° F. Its drought index is 9,516 which 
represents unfavorable climatic conditions for the beetle. A 
glance at the map showing the present distribution of the bean 
beetle indicates that the beetle has not spread south of Mont- 
gomery. Birmingham, about 100 miles north of Montgomery, 
is more favorable for the beetle with an index of 5,904. The 
insect was first introduced in the vicinity of Birmingham, and 
with a series of favorable years produced much injury to the 
bean crop. However, Birmingham is subject to droughts and 
in average years is not especially favorable for the development 
of the bean beetle. Because of the lack of beetles around 
Birmingham, the Bureau of Entomology found it necessary to 
move its laboratories to Ohio, where more specimens were 
available for experimentation. The southern third of Alabama 
seems to be too hot for the beetle. Centerville, however, with 
an index of 5,871 and the portion along the southern border 
appear favorable due no doubt to the influence of the Gulf of 
Mexico. 

It is quite possible that the bean beetle could live in southern 
Alabama if it was capable of crossing the hot belt south of 
Montgomery. 

Georgia presents conditions similar to Alabama. North 
Georgia is mountainous and very favorable for the beetle, 
while southern Georgia is too hot. It is of interest to note 
that an isolated infestation has been present around Thomas- 
ville for several years. Thomaffville, with an index of 3,494, 
should be capable of supporting the beetle. The fact that the 
beetle has not spread from Thomasville indicates that the 
surrounding territory is not favorable. 

THE WESTERN INFESTATION OF THE BEETLE. 

Colorado and the neighboring states where the bean beetle 
has been present for 75 years is of special interest in the study 
of the distribution of the beetle. Considering the phenomenal 
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spread of nearly 1000 miles in 10 years that took place in the 
eastern states, the comparatively static condition of the insect 
in the arid Rocky Mountains is striking. Graf (1925) believed 
that the beetle is adapted to the humid East and the dry 
West. Sweetman has shown that the western infestation is 
confined to the irrigated regions and that the beetle is not 
injurious in non-irrigated regions. Denver, Colorado, with an 
elevation of 5,283 feet and an index of 2,607 is fairly favorable 
for the bean beetle, while Greeley, Colorado, only a few miles 
east of Denver, but with an elevation of 4,649 shows an index 
of 19,584, and appears unfavorable. East of Greeley there are 
no mountain barriers to keep the beetle from spreading. List 
(1921) records the beetle from Greeley, and yet it has not spread 
east to any considerable extent. The eastern third of Colorado 
is the beginning of the hot arid plains which present an effectual 
barrier to the spread of the beetle eastward. 

In the western states the Mexican bean beetle is known to 
be present in Arizona, New Mexico, Colorado, Wyoming, 
Texas and Utah, being confined to high elevations or irrigated 
regions. At present only the irrigated southeastern section of 
Wyoming is infested. Laramie shows an idex of 28,536 and 
without irrigation is not favorable. The arid conditions of 
the state of Wyoming appear to present an effectual barrier 
to the spread of the beetle into western Montana, where con- 
ditions are more favorable because of lower temperatures. 
West of the Rocky Mountains, the well known desert conditions 
offer an insurmountable barrier. While the summers are dry 
in the Rocky mountain states', tdje winters are still drier. 
January, 1928 at Greeley, Colorado, showed but .08 inch 
precipitation and maximum temperatures of 70° P. Such a 
combination produces an extremely dry atmosphere, which 
must be highly unfavorable for hibernation. 

Tanner reports on the bean beetle at St. George, Washington 
County and Moab in Grand County, Utah. The weather 
records for St. George, Utah, show that this locality without 
irrigation is extremely unfavorable for the bean beetle, having 
a drought index of 1,140,741. Moab in eastern Utah is like- 
wise unfavorable with a ft index of 605,500.' It is likely that 
conditions in Utah are similar to those of Wyoming, where 
without irrigation the beetle could not exist. The infestation 
in Utah may ultimately spread along the Wasatch mountains 
into Idaho, western Wyoming and western Montana. 
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MEXICO, THE ORIGINAL HOME OF THE BEAN BEETLE. 

Southern North America is believed to be the original home 
of the bean beetle. Since the bean beetle is a native destructive 
pest^of Mexico at elevations above 4000 feet, a study of the 
climate of this country should be instructive. With the 
exception of the low coastal area most of Mexico is an elevated 
plateau ranging from 4000 to 8000 feet in height. The mean 
annual temperature is 60° F. and the rainfall is 30 inches, 



Fig. 3. Mean temperature. 


most of which falls in the summer months (Fig. 3). During 
July and August, the months most favorable for bean growing, 
maximum temperatures of but 70° F. are reached in Mexico 
City (Hernandez, 1923). This presents a remarkable contrast 
considering that Mexico lies in the tropical zone. May, the 
hottest month in the year, has a maximum temperature of but 
75° F. These comparatively low temperatures and the generous 
rainfall of 16 inches for the summer months, are the climatic 
conditions the bean beetle has been exposed to for numberless 
generations and undoubtedly present the optimum require- 
ments for breeding. 
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Any wide departure from these combinations of temperature 
and rainfall may be regarded as unsuitable for the development 
of the insect. The drought index of Mexico City is 36. Cross- 
ville, Tennessee, on the Cumberland Plateau with an index of 
30 is one of the few localities in the eastern United States that 
approximate the index number for Mexico. Since the Rocky 
Mountains extend into Mexico, there is every reason to believe 
that the beetle migrated from Mexico to Arizona along the 
elevated plateau and fed on the wild bean plants that are native 
to this region. 

TEMPERATURE AND MOISTURE STUDIES 
UNDER CONTROLLED CONDITIONS. 

The preceding study indicates that the beetle has definite 
requirements of temperature and moisture for best develop- 
ment, and that certain localities are more favoarable than others. 
There remains the gathering of experimental data under con- 
trolled conditions so as to determine the optimum temperature 
and moisture requirements in order to check the field observa- 
tions. 


STUDIES AT CONSTANT TEMPERATURES. 

Methods Used in Rearing 

The various stages of E. corrupta were reared in one-ounce 
tin salve boxes. The bottom of each box was covered with 
two or three pieces of blotting paper which were moistened 
each day in order to maintain the proper relative humidity. 

The larvae were secured by gathering egg masses from bean 
plants in the field and hatched under insectary conditions. 
Upon hatching the larvae were placed in one-ounce tin boxes 
with moist paper and fresh bean leaves. Each day the boxes 
were examined and water and fresh food were added if neces- 
sary. After the larvae entered the prepupal stage, just water 
was added to the boxes. 

The Egg Stage 

The egg stage was the only stage that was difficult to 
handle in this manner. *If the box was too moist fungi would 
grow rapidly and prevent the eggs from hatching. For this 
reason sufficient data regarding the egg stage has not been, 
secured to permit definite conclusions. 
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Incubation of eggs at various constant temperatures from 
limited data secured shows that both at 30° C. and at 25° C. 
the period of incubation was 6 days At 15° C. the eggs 
hatched within 14 5 days 

The LARViE Stage 

The growth during the larval stage was marked with the 
usual feeding and molting. The length of the larval stage was 
considered terminated when the larvae attached themselves to 
the leaf 


TABLE II 

Length of the Different Stages of the Bean Beetle Under Constant Temperatures 


Temperature 

Number of 
Individuals 

Duration in Days 

Reciprocal 

15 


Egg Stage 

14 5 

0689 

20 

25 


10 (inter- 
polated) 

6 

1000 

1666 

30 


6 

1666 

15 

23 

Larval Stage 

43 66 

02293 

20 

58 

23 30 

04291 

25 

75 

16 02 

06250 

30 

13 

12 93 

07751 

15 

41 

Prepupal Stage 

5 36 

1869 

20 

30 

3 02 

3311 

25 

42 

1 78 

5617 

30 

20 

1 60 

6775 

15 

22 

Pupal Stage 

13 75 

0727 

20 

86 

7 39 

1357 

• 25 

69 

5 30 

1886 

30 

38 

4 71 

2123 

15 

23 

Total 

77 27 

01295 

20 

61 

48 71 

02288 

25 

69 

29 10 

03436 

30 

12 

25 34 

03952 


Table No. II shows the average length of the different 
stages at constant temperatures. At temperatures ranging 
from 15 to 30° C. the larval stage varied from 14 5 to 49.4 days. 
At high temperatures such as 34° C. the young larvae lived but 
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a few days. With the low temperature of 15° C. the larvae 
seemed contented but required a long period of time to complete 
their development. Less variation in relative humidity occurred 
in the boxes during this stage due to the presence of food. 

The Prepupal Stage 

No change was noticeable during this stage of development. 
The length of the prepupal stage was considered from the time 
the larvae fastened themselves to the leaves until the larval 
skin was slipped back and exposed the pupae. The prepupal 
stage averaged 1 to 5 days with the low temperature showing 
the greatest variation. 

The Pupal Stage 

Considerable variation occurred in this stage which required 
from 4 to 16 days. This stage was not greatly affected by the 
variable moisture conditions. 

TOTAL LENGTH OF THE IMMATURE STAGES. 

The total length of time for the development from the egg 
to the adult stage showed considerable variation. The average 
time to complete development at 30° C. required but 26.8 
days while at 15° C. 83 days were consumed. At 25° C. the 
greatest percentage reached maturity, so that this temperature 
may be considered as the optimum. Practically no mortality 
occurred at 15° C., although the period of development was 
greatly prolonged. At 30° C. considerable mortality occurred 
with but a small percentage of larvae reaching maturity, while 
at 34° C. the larvae lived only 4 4ays. 

THE EFFECT OF LOW TEMPERATURES ON THE COLOR 
OF THE BEAN BEETLE. 

It may be of interest to call attention to the effect of tempera- 
ture on the color of the beetle. At 25° C. and above, both the 
larvae and pupae are a bright yellow color. The larvae take on a 
darker hue at 20° C. due to the black-tipped spines, while the 
pupae slimy black lines on the wing pads. At 15° C. the larvae 
assume a very dark appearance because the spines including 
their bases become black. The rest of the larval skin remains 
yellow. At the low temperatures the pupae also become dark 
with practically no yellow color showing. The spots on the 
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adults vary, although no markings were found characteristic of 
any one temperature. When the adults were reared at 15° C. 
the abdomen appeared quite dark. The dark color was not 
observed when the insects were reared at the higher temper- 
atures. 

MORTALITY IN A TEMPERATURE OF 100° F. AND 
VARIABLE HUMIDITIES. 

Two temperature cabinets were regulated to keep a constant 
temperature of 100° F. In order to maintain a relative humidity 
of 80 per cent three large pans of water were placed in one 
cabinet and towels were hung in the water so that they formed 
a wick. This method gave a relative humidity of 80 per cent. 


TABLE III. 

Showing 50 Per Cent Mortality in Hours Produced by a Temperature of 100° F. 
and Variable Humidities. 



40 Per Cent 

R. H. 

80 Per Cent 

R H. 

100 Per Cent 

R. H. 

Small Larvae 

6 75 

8 

4 83 

Full Grown 

13 75 

22 5 

12 5 

Adults 

10 64 

25 

12 5 


The second cabinet was found to have a relative humidity of 
40 per cent. The percentage of relative humidity was determin- 
ed by using a stationary wet and dry bulb instrument manu- 
factured by the Tycos Instrument Company. 

For the production of 100 per cent relative humidity Ehrlen- 
meyer flasks were half filled with water and kept tightly stopped 
during the experiment. The insects were suspended in the 
space between the water and the stopper. 

At 100° F. and a relative humidity of 80 per cent young 
larvae lived but 8 hours, while full grown larvae and adults 
lived 21 hours (Table III). Forty per cent relative humidity 
produced a kill in almost half the time. It is of .interest to 
note that 100 per cent relative humidity is about as fatal as 
the dry atmosphere produced by 40 per cent. At 77° F. and 
relative humidities of 58 to 100 per cent, practically no mortality 
occurred, the insects living for several days. 
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Sweetman (1929) in his observations on the bean beetle in 
Wyoming considers moisture and precipitation as more import- 
ant factors than temperature in the distribution of the insect. 

The experimental work, however, indicates that temperature 
factor is the more potent in the life economy of the insect. 
Temperature and relative humidity are interdependent and 
vary inversely, high temperatures producing low humidities. 
The low humidities are fatal to the bean beetle only as the 
temperature is increased beyond the optimium of 77° P. 

Above 100° F. the insects succumb rapidly. At 106° F. 
small larvae lived but 7]^ minutes, while at temperatures 
ranging from 108 to 112° F. full grown larvae and adults lived 
10-12 minutes. 

A few experiments were also performed with larvae crawling 
on heated soil in full sunlight. Surface temperatures ranged 
from 106 to 127° F. at the time shade temperatures were 90° F. 
When the soil temperature registered 106° F. small second 
instar larvae lived 3 % minutes. At 115° F. they succumbed 
in one minute, while full grown larvae lived for two to five 
minutes. 

FUTURE SPREAD OF THE BEAN BEETLE. 

BASED ON CLIMATE. 

In any study of the probable distribution of an insect, and 
its fitness to live in a new environment, a knowledge of the 
following aspects is important: 

(1) Origin and history of the insect. 

(2) Climate of the original locality of the insect. 

(3) Optimum temperature and moisture requirements, determined 

by breeding. 

(4) Conditions favoring optimum development of the host plant. 

(5) Food availability. 

(6) Ability to aestivate. 

The first criterion is easy, for we know that the bean beetle 
originated on the table-lands of Mexico. 

While Mexico is situated in the tropical zone, its table- 
lands are sufficiently elevated to have a temperate climate, 
and a few localities are even in the cold zone. The hottest 
months are characterized by maximum temperatures of 75° F. 
With 16 inches of rainfall during the summer months, the 
relative humidity is undoubtedly high. 
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In order to determine the most favorable temperature and 
moisture requirements for the development of the bean beetle, 
a number of the insects were reared under controlled conditions. 
The experimental data indicate that the largest percentage 
survived at constant temperatures of 77° F. and a relative 
humidity of 80 per cent. These figures undoubtedly represent 
the optimum conditions for breeding, and coincide in a striking 
manner with the climatic factors prevailing in the original 
breeding grounds of Mexico. 



Pig. 4. Spread of the Mexican Bean Beetle. 


The bean itself, the host plant of the beetle, requires cool 
nights, ample rainfall, and a comparatively high humidity. 
Cox and Pettigrove (1924) 'believe that these conditions are 
met with in eastern Michigan and account for the particular 
adaptation of a great part of Michigan land to bean production. 
In southern Michigan counties, the frequently prevailing hot 
weather of midsummer, which greatly favors the corn crop, 
prevents the suitable setting and filling of bean pods. 

The conditions favoring the culture of the cultivated bean 
are also favorable for the breeding of the beetle, and it is safe 
to say that the abundance of garden beans in the East has 
been a factor of no small importance in the rapid spread of the 
beetle. 
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On the other hand, the inability of the bean beetle to tide 
over unfavorable conditions has been a handicap. Breiten- 
becher (1912) has shown that the potato beetle ( Leptinotarsa 
decemlineata) has the power to desiccate itself when placed in an 
arid environment, ceases breeding and enters the ground to 
aestivate. With the approach of favorable temperature and 
moisture conditions, the beetle comes to the surface and begins 
breeding. In Tennessee, potato beetles are always abundant 
and destructive in the spring months, but are seldom noticed 
during the hot summer months. This accounts for the fact 
that we have but one full generation of potato bugs, even 
though there is time for four generations. The bean beetle, 
however, has not the power to cease breeding and the approach 
of hot weather is often harmful to the second or third generation. 
This is probably the principal reason that the potato beetle 
has been able to cross the hot plains and reach the Atlantic 
coast, while the bean beetle had to be transported to the humid 
east in order to reach the coast. 


Knowing the climatic requirements of the bean beetle, and 
having determined those localities most favorable for its 
development, we are now in position to map the future distribu- 

L / 100 V s 

tion of this pest. With the aid of the formula Lx - X f ) 

as discussed previously, we can assign an index number to any 
locality desired. The Mexican bean beetle appears to thrive 
in those regions having an index of 2000 or less, and these may 
be considered the “normal” zone of occurrence (Cook, 1925). 
Regions with an index of 2000 to 6000 (See Table I) will be 
subject to periodic infestations and may be considered areas 
of “occasional” abundance. In a series of favorable years 
these areas may suffer greatly from the ravages of the pest. 
Localities above 10,000 may be considered highly unfavorable 
for the development of the bean beetle.* 


* Another severe drought occurred in 1930 over the Ohio valley, accompanied 
by a scarcity of bean beetles. Added confirmation of the conclusions reached in 
this paper is shown by the climatic index numbers that were reached at rep- 
resentative localities. Knoxville, Tennessee, for example, attained an index of 
17,253. Up to September 6, 1930, the drought approached that of 1925 in severity. 
The last three weeks in September, 1930. cooled off sufficiently to favor the pro- 
duction of an hibernating generation. Tnis did not occur in 1925. At Columbus, 
Ohio, the index number approached 24,000, whereas the normal is only 1,114. 
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After the index number of many representative localities 
was determined, a map showing the distribution of the Mexican 
bean beetle was constructed (Fig. 4). Those states that appear 
unusually favorable have been designated by a large black dot, 
and include East Tennessee, North Georgia, Kentucky, both 
Virginias, Pennsylvania, New York, the New England states, 
eastern Ohio, Michigan, Wisconsin, Minnesota, Iowa, and the 
northeastern part of Florida. To the north the beetle will 
migrate along the Great Lakes, and eventually reach Minnesota 
and Iowa. 

In the South it will find a barrier of hot air in Central 
Alabama, Georgia, Mississippi, and northern Louisiana that 
will keep it from reaching the Gulf coast. The Atlantic coast 
seems to be favorable, and it is possible that the insect will 
travel along the eastern coast as far south as Jacksonville, and 
thence across to the Gulf coast and on to New Orleans Just 
how the bean beetle will fare in Florida remains to be seen, as 
much will depend on suitable hibernation quarters and avail- 
ability of host plants during the summer months. 

The high temperatures of central and eastern Texas, Okla- 
homa, and western Kansas, and the meager summer rainfall 
of eastern Montana and eastern Wyoming, are factors that 
make these regions entirely unsuitable for the breeding of the 
beetle. 

The western infestation of the bean beetle is at present 
confined to the irrigated or elevated regions of western Texas, 
New Mexico, Arizona, Colorado, Wyoming, and Utah. The 
hot, dry conditions prevailing in the desert regions west of 
Arizona and Utah will prevent the bean beetle from reaching 
the western coast. On the other hand, there are good possi- 
bilities of its spreading along the mountain ranges of Utah 
into Idaho, and thence to western Montana, where conditions 
are favorable. From Montana, it will be possible for the beetle 
to spread into Washington, western Oregon, and the irrigated 
regions of California. 
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SUMMARY AND CONCLUSIONS. 

The phenomenal spread of the Mexican bean beetle in the 
East has been attributed to the prevailing wind. A study of 
the climatic requirements of this insect indicates that there are 
very definite limits of temperature and moisture that favor its 
development and determine its potentialities as a crop pest, 
as well as its ability to spread into new territory 

The original home of the Mexican bean beetle is the table- 
lands of Mexico and Central America. These elevated regions 
possess a uniform cool climate, with maximum temperatures of 
75° P., to which the beetle is best adapted. The breeding work 
indicates that a temperature of 77° F. is most favorable for 
survival. Higher temperatures hasten development but pro- 
duce greater mortality. At constant temperatures of 93° F., 
none of the larvae were able to develop, while at 100° F. the 
small larvae succumbed in 8 hours. 

Observations during the past five years under out-door 
conditions show that the high temperatures prevailing in mid- 
summer are often very unfavorable for the development of the 
insect. The following formula was used to measure the effects 
l /iooy 

of a drought: L x — x f — - J where L is the successive num- 
ber of days above 90° F. and R is the summer rainfall. With 
the aid of this formula, the climatic index number of representa- 
tive localities was determined. Regions with an index number 
of 2000 or less appear favorable for the bean beetle. By the 
aid of these index numbers, a map was prepared showing the 
future spread of the bean beetle. 

In time the beetle will resell Florida by the way of the 
Atlantic coast, and Minnesota by the way of the Great Lakes. 
The western infestation will spread along the Rocky Mountains 
to western Montana, and thence to the irrigated bean sections 
of the Pacific coast. Localities with extremely hot summers, 
like central Texas and Oklahoma, northern Louisiana and 
central Mississippi, will be exempt from bean beetle depreda- 
tions, Cool humid regions, such as Eastern Tennessee, eastern 
Virginia, eastern Michigan, and Pennsylvania are most favorable 
for the beetle, and will suffer accordingly. Localities subject 
to droughts will often be free from the attacks of the pest 
except in a series of favorable years. 
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NORTH AMERICAN LEAFHOPPERS OF THE 
ATHYSANELLA GROUP.* 

(Homoptera Cicadellidae.) 


Herbert Osborn. 

The leafhoppers of this group have been a source of much 
difficulty and confusion, owing partly to the fact that the 
species, or most of them, show marked cases of dimorphism. 
All have brachypterous forms and where macropterous forms 
have not been found the venation is too much modified to serve 
as a good taxonomic character. Not only the definition of 
species but their generic position has been a question of great 
difference of opinion and a careful revision of the whole group 
has been a matter of necessity if the species are to be properly 
classified. 

Material for this study has been accumulating in the author’s 
hands for many years but it has become more and more apparent 
with the increase of material that some more fundamental 
basis than the usual external characters must be found for the 
limitation of the species and the determination of their affinities. 
This it was hoped might be secured by a study of the male 
genitalia, both external and internal, and .it was therefore 
counted a happy circumstance that I was able to have the 
assistance of Mr. J. N. Knull in the preparation of the genital 
structures for microscopic study. That these furnish a really 
good basis for some positive conclusions will, I think, be seen 
from the descriptions and figures presented here. One immed- 
iate conclusion is that these structures furnish sufficient basis 
for the formation of at least three new genera and as these 
species have up to the present, not figured to any great extent 
in economic or general literature it is best to designate them 
without further delay. Moreover it is believed best to separate 
them front the old world genera to which they have sometimes 
been assigned since most of the characters on which such 
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disposition has been made are superficial and probably represent 
convergence rather than phylogentic affinity. A glance at the 
synonymy of some of the species will show how wide a divergence 
of opinion Has existed as to relative importance of different 
characters. Considering all these points it seems certain that 
it will avoid many complications of nomenclature and give 
better stability to re-establish the genus Athysanella of Baker 
to include a small group of closely related forms and to propose 
two or three new genera to include certain species that present 
very well marked differences in structure as also associated or 
correlated features of pretty evident nature when once the 
groups are defined. 

While the species discussed here have very few of them 
received mention as economic species it is only necessary to 
observe the immense numbers in which they occur, especially 
upon the grasses of the plains region east of the Rockies and in 
many of the dry or semi-arid sections of southern Texas, New 
Mexico and Arizona to appreciate that they must act as a very 
heavy drain upon the forage value of the native prairie and 
plains grasses. 

So far as observations go all the species discussed here are 
restricted to species of the grass family and some of them have 
been very definitely connected with buffalo grass and the 
Boutelouas but the closer restriction to particular species of 
grasses, if it occurs for these species of leafhoppers, has not 
been determined' with sufficient certainty to be recorded. 
This may now be undertaken with the separation of the species 
as a basis for exact observation. For additional references 
and synonymy the student may consult Van Duzee’s, 41 Catalog 
of Hemiptera.” Types and paratypes of the new species are 
in National Museum, the Ohio State University, and collections 
of Dr. E. D. Ball, Dr. Paul Lawson, Univ. of Kans., and the 
author. I am indebted to Dr. E. D. Ball, for generously 
turning over to me an extended series of specimens including 
some undescribed species. To Dr. P. B. Lawson and D. M. 
DeLong for loan of specimens and to Mr. J. N, Knull for 
dissections and drawings, and Miss Charlotte King for certain 
drawings. 
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Key to Genera of the Athysanella Group. 

1. Males without tibial spurs 2 

Males with prominent tibial spurs 3 

2. Head conic, vertex long, male genitalia small GiUettiella 

Head short, rounded or faintly angular in front, vertex broader than long, 

male genitalia enlarged Amphipyga 

3. Male pygofer with pectinate appendage, tibial spur short, vertex wider 

than long, ovipositor long Pectinopyga 

Male pygofer without pectinate appendage, tibial spur usually long 4 

4. Vertex usually short, wider than long, male pygofer large ? usually rounded 

behind, without acute tooth or process at tip, species more robust, 

Athysanella Baker 

Vertex usually longer than wide, male pygofer with acute tooth or long 
process at tip, species usually small and slender Gladionura 


GiUettiella n. g. 

Head distinctly angular, subconical; vertex longer than width be- 
tween eyes, flattened, margin bluntly angulate to front. Pronotum 
shorter than vertex; scutellum small, acuminate; elytra short, (microp- 
terous) reaching second abdominal segment, venation faint; female 
ovipositor long, extending one-third beyond pygofer; male pygofer 
obliquely narrowed, rounded at apex, oedagus slender, basal part broad, 
apical part slender, curved to base, with rather thick basal process. 

Type of the genus GiUettiella labiata Gillette. 

This genus will include also G. atropuncta Gillette. These 
species differ so distinctly in genitalia from other species formerly 
grouped under Aconura, that it seems desirable to separate 
them as a distinct genus. They approach Lonatura in some 
characters, but considering details of elytra and head structure, 
it does not seem proper to refer them to that genus. 

In a single macropterous specimen received from Dr. 
Lawson, the only one I have seen, the venation is quite different 
from any of the genera here given and peculiar in the apparent 
absence of cross nervures separating anteapical and apical 
cells. 


GiUettiella labiata (Gill.) 

(Plate IV, Fig. 20.) 

Deltocephalus labiata Gillette, Colorado Exp. Sta. Bull. 43, p. 26, (1898). 

Aconura labiata Van Duzee, Catalog, Hemip., p. 663, (1917). 

Head slightly wider than pronotum, bluntly angular; ocelli dose to 
margin, margin bluntly angular, front convex, one-half longer than 
wide; clypeus short, sides parallel. Pronotum a little more than half 
longer than vertex scutellum minute; elytra minute, abbreviated, 
extending on to second abdominal segment. 

Genitalia: Female ovipositor extended, half longer than pygofer; 
last ventral segment longer than preceding, hind border strongly sinuate, 
central part roundingly produced; male valve long, acutely angular; 
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plates extending slightly beyond valve, tapering to blunt apex; pygofer 
obliquely narrowed to rounded apex, bearing a series of delicate bristles 
on the submargin, a small subapical spur; style broad at base, apex 
sharp and outcurved: aedeagus slender rod-like, base slender, outer 
part thickened at base, apex tapering, slender, basal tooth oblique, 
(See Fig. 50, a and b). 

Color: Light gray, except in variety rufus Gillette; vertex slightly 
infuscate, with pale border, central and crossline. Pronotum with 
faint series of spots, often obsolete; elytra concolorous; abdomen pale 
gray with faint dots; in male apical part of elytra with whitish veins; 
upper part of abdomen black with terminal segment next to pygofer 
white; pygofer black at base, white at tip; face whitish with fuscous 
arcs, apical part of clypeus and lorae fuscous; pectus and venter with 
white margins. 

Numerous specimens from Pueblo, Garden of Gods, Ft. 
Collins, Colorado, (Herbert Osborn collector). Described by 
Gillette from Ft. Collins, Manhattan, Bellvue and Colhan, 
Colo. Variety rufus? Gillette, was taken on reddish soil in 
Garden of the Gods by the author. 

Gillettiella atropuncta (Gill ) 

(Plate IV, Fig. 21.) 

Peltocephalus atropuncta Gillette, Colorado Exp. Sta., Bull. 43, p. 28, (1898). 
Aconura atropuncta Van Duzee, Cat. Hemip., p. 653, 1917. 

Head narrower than pronotum, sharply angular; vertex more than 
one-half longer than wide; ocelli close to margin, front long, faintly 
convex; clypeus long, sides parallel. Pronotum, short, a little more 
than half as long as vertex; scutellum small, acuminate. Elytra short, 
broadly rounded behind, reaching on to third abdominal segment. 
Abdomen sharply tapering, ovipositor extended. 

Genitalia: Female last ventral segment sinuate; male valve long, 
slightly exceeded by plates which taper to nearly acute tips; pygofer 
obliquely narrowed, apex broadly rounded; internal genitalia slender; 
styles narrow, tips out-turned; aedehgus slender, basal process at right 
angles. (Fig. 51, a and b). 

Color pattern similar to labiata Gillette, females with three distinct 
double stripes on abdomen; male with conspicuous median line and 
transverse bars on vertex, milky subapical band on elytra, and bluish 
white band on pygofer; male pygofer bare, jet black, apex dull whitish; 
face with distinct, transverse band including apex of front and base of 
clypeus and lorae white. 

The species was described from La Porte and Ft. Collins, 
Colo., and the writer has collected it in 1910 at Brownsville 
and San Antonio, Texas, and Delphos, Kansas. Specimens in 
DeLong and Osborn collections from Clay Co., Kansas, and 
in the Lawson collection from Kansas and Nebraska, 
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Genus Amphipyga Osborn. 

Ohio Biol. Sur., Bull. 14, p. 289, 1928. 

Robust species with the vertex short, rounded or slightly angulate 
and usually with two conspicuous black spots or lines between the 
ocelli. There is no tibial spur in males and the females have long 
extruded ovipositors but not in most species so extremely elongate as 
in some of the species of Athysanella or Gladionura . The male pygofer 
is inflated or elongate, the valve large and the plates broad, often 
divergent. Type Amphipyga balli. 


Key to Species of Amphipyga. 

1. Elytra not reticulate or with fuscous maculations 2 

Elytra with many cross veins and with fuscous maculations in cells, 

reticulata n. sp. 

2. Male plates long, usually reaching nearly to tip of pygofer 3 

Male plates short, much shorter than pygofer, usually divergent 6 

3. Smaller species, 2 to 3 mm. long 4 

Larger species, usually 4 to 5 mm. long 5 

4. Vertex faintly angulate, spots usually present; male plates broad, 

divergent, tapering to blunt tips; pygofer without blunt tooth at tip; 

color gray or whitish occidentals Baker 

Vertex rounded, not at all angulate, spots often obsolete; male plates 
contiguous, scarcely divergent, tips broad and rounded; pygofer with 
small blunt tooth at apex aridella n. sp. 

5. Male pygofer very long, obliquely truncate alta n. sp. 

Male pygofer broad, rounded behind stylata n. sp. 

6. A black dot at tip of vertex, usually distinct, sometimes obscure. Larger 

species, 3-4 ram 7 

Spots of vertex near together, black dot at apex faint or wanting; small, 

2 mm. or less califomica n. sp. 

7. Elytra with faint or narrow lines; female segment truncate or emarginate, 

striate; male plates longer than wide; pygofer oblique-elongate and with 

acute tip acuticauda Baker 

Elytra with broad stripes; female segment bisinuate; male plates very 
short, wider than long; pygofer short, not acute at tip, style exposed, 

balli n. sp 


Amphipyga reticulata n. sp. 

tf^F 

Head large, wider than pronotum; vertex wider than long, rounded, 
faintly depressed behind the middle; front broad, tumid, convex in 
profile. Pronotum nearly as long as vertex, distinctly concave behind. 
Elytra short, roundingly truncate. Ovipositor rather short, extending 
about one-fifth its length beyond the pygofer; last ventral segment 
short, scarcely as long as preceding, truncate or somewhat emarginate. 

Color: Dull gray, with distinct fuscous markings, vertex with 
two large black spots, and some minute dots, spots obsolete in one 
specimen; frontal arcs distinct, sutures black. Pronotum with six dots 
near the anterior border, and a dot near the hinder edge at the side. 
Elytra hyaline, with fuscous maculations in the reticulate cells; veins 
whitish. Abdomen rather strongly marked with fuscous, the spots of 
the median and lateral lines merging into stripes. Pygofer with distinct 
fuscous stripe, hind border of segment and the ovipositor,, especially 
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tip, blackish. Pectus and disc of venter, blackish. Legs somewhat 
infuscate. 

Length: Female, 4 mm. 

Described from two females from the collection of Doctor 
E. D. Ball, Elsinore, Utah, April 22, 1900. 

A male which probably belongs with this species lacks the 
black spots of the vertex and the distinct reticulation of the 
elytra, and the front is less tumid. The pygofer is long, sloping, 
apex rather acute, valve short, angulate posteriorly, the plates 
widely separated, divergent, triangular, apex acute and reaching 
apex of pygofer. Style long, tip slender. One specimen 
Monroe, Utah, July 25, 1900, from the collection of Doctor 
E. D. Ball. 


Amphipyga occidentalis (Baker). 

(Plate I, Fig. 2.) 

Athysanella occidentalis Baker, Psyche, Vol. VIII, p. 186, 1898. 

Athysanella minuta Baker, Psyche, Vol. VIII, p. 189, 1898. 

Aconura occidentalis Van Duzee, Catalog, Hemipt., p. 653, 1917. 

Head as wide as pronotum, faintly angulate; vertex wider than 
long, as long as pronotum; front broad; dypeus slightly longer than 
wide; lorac broad; cheeks faintly sinuate. Elytra in macropterous form 
slightly exceeding ovipositor, brachypterous form extending on to base 
of abdomen. Female ovipositor about one-third longer than pygofer, 
last segment short, hind border distinctly sinuate. Male pygofer 
elongate, obliquely truncate, apex rounded, valve large, sub-angulate, 
plates triangular, scarcely longer than valve, diverging, outer border 
slightly sinuate. Style blunt with a blunt tooth near its apex. Aedea- 
gus slender, curved, inner margin faintly serrate. (Fig. 30, a and b). 

Color : Light gray; elytral veins faintly bordered with fuscous; 
brachypterous form sub-hyaline, scarcely marked; abdomen with a 
fairly distinct series of fuscous spots, bordering the median line, and 
fainter series laterally. 

Length: 2.5 mm. 

This species was described from Colorado, and besides the 
type specimens seen I have material from Fort Collins, Colo., 
Bismark, North Dakota, and Doctor Ball’s collection includes 
specimens from North Colorado and Denver, as well as Fort 
Collins. Baker’s minuta is evidently the male of this species 
as only females of occidentalis and males of minuta have been 
noticed in all the specimens examined, and considering close 
agreement in all general .characters, and that they are often 
collected together, I am satisfied that they should be merged 
and occidentalis has priority on account of position in the 
published paper. 
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Amphipyga aridella n. sp. 

(Plate I, Fig. 4.) 

Head wider than pronotum; vertex wider than long, as long as 
pronotum, front border rounded; front broad, scarcely longer than 
wide; clypeus wide, sides nearly parallel; pronotum short, hind border 
nearly straight; scutellum small, elytra extending on to second abdom- 
inal segment. Abdomen broad, contracted posteriorly; ovipositor 
exceeding the pygofer about one-fifth of its length; last ventral segment 
short, sinuate, median lobe polished. Male pygofer rather long, 
sloping, hind border sinuate, apex with a minute tooth; valve large 
rounded behind; plates broad, broadly rounded at apex, sides sinuate, 
reaching to tip of pygofer; style short, apical part enlarged, sub- 
capitate; aedeagus curved, margins minutely serrate. (See Fig 31, 
a and b). 

Color: Pale gray, somewhat tinged with fulvous, the usual round 
black spots of vertex often obsolete in many specimens. Elytra hyaline, 
veins faintly edged with fuscous; abdomen fuscous with yellow spots on 
the basal segments and at sides, or mostly fulvous with series of fuscous 
dots. 

Length: Female, 2.5 mm.; male, 1.75 mm. 

Described from a series of specimens collected by the author 
at Tucson, Arizona, Feb. 1910, (Type No. in National Museum 
43177), and another collected by Dr. E. D. Ball, at Mojave, 
California. This is a small species about the size of occidentalis 
but with a different fulvous tinge, a more rounded vertex and 
very distinct genitalia. 

Amphipyga alta n. sp. 

(Plate V, Fig. 24.) 

Large, robust, head wider than thorax; vertex wider than long, a 
little longer than pronotum, pronotum short, distinctly convex behind. 
Elytra reaching third abdominal segment, broadly rounded behind in 
female, more nearly truncate in male. Male tibia not spurred, female 
ovipositor moderately long, extending beyond the pygofer about one- 
fourth its length; last ventral segment long, truncate or slightly convex, 
minutely rugose at middle; male pygofer very long, tapering toward a 
broad tip which has a strong, chitinous lobe or tooth at the inferior 
angle; valve long, angulate behind; plates long, reaching nearly to tip 
of pygofer, divergent, outer margin concave, apex bluntly angular; 
style long, nearly straight, with a broad lobe toward the base, aedeagus 
very long, curved, and expanded into three leaf-like parts, the edge of 
each being minutely serrate, (See Fig. 47a, 47b). 

Color: Dull gray, distinctly marked with fuscous; vertex with 
lunate spot over the ocelli, a distinct one at apex, two brownish stripes 
on the disc, the front with a black point at base, a series of fuscous 
arcs and two diverging stripes toward apex, pronotum with black 
dots near the anterior margin, faint longitudinal stripe near the middle. 
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and a dusky patch toward the sides, elytra smoky hyaline, with the 
veins whitish; abdomen with series of black dots, merged into stripes 
in the male; beneath blackish; legs pale with series of black dots, middle 
of female segment, the male valve, styles and aedeagus, black. 

Length: Female, 4.5 mm.; male, 3 mm. 

Described from a series of specimens, Gallatin County, 
Montana, at elevation 4800 ft., April 26, 1902, (R. Benton,) 
and sent to me by Prof R. A. Cooley. National Museum 
Type No. 43178. 

A series of specimens from Pierre, S. Dak. and a specimen 
from Devil’s Lake, N. Dak. evidently belong here, although 
slightly larger This is the largest species of the genus, and 
the enormously expanded genitalia are a strong contrast with 
those in the related forms. 

Amphipyga stylata n sp. 

(Plate II, Fig. 7.) 

Robust, head broader than pronotum, vertex longer than pronotum, 
about as long as wide, with a distinct transverse depression behind the 
middle, and a small depression near the tip Pronotum short, slightly 
emarginate. Elytra obliquely truncate, reaching to base of third 
abdominal segment. Ovipositor long, extending one-fourth its length 
beyond the long pygofer; last ventral segment convex, margins blackish; 
male pygofer broadly rounded behind; valve broad, obtusely angulate; 
plates triangular, separated at base, divergent, not reaching tip of 
pygofer; styles long, slender; aedeagus moderately expanded, furrowed, 
margins minutely serrate, inner apex with a minute sharp tooth. (Pee 
Fig. 33). 

Color: Pale gray, distinctly marked with fuscous, vertex with a 
black line near the ocellus, black point at tip, with fainter branches 
extending back upon the apical depression, and faint transverse bar 
between the eyes, a minute black line near the base. Front with fine 
fuscous arcs, blackish sutures, and shaded median stripes on the apex 
of front. Pronotum with three, pairs of black dots near the anterior 
margin, and, in the male, two short black stripes each side. Elytra 
pale fuscous, hyaline, with opaque whitish veins. Abdomen with 
series of black dots each side of the middle, and black lines at the sides 
of the usual pattern. Beneath black except at the margins, the apex 
of female segment, base of male valve, and inner genitalia, black. 

Length: Female, 4 mm.; male, 3 mm. 

Collected at Grand Junction, Colo., by the author, March 
1910. Types in National Museum (No. 43179) and author’s 
collection. 

A possible variety is noted in a male specimen with markings 
obscure and with the internal genitalia, (Fig. 49) somewhat 
different but this was taken at same date and locality and I 



1930] Osborn: Leafhoppers of Athysan'ella Group 


69$ 


believe it to be only a variation. Comparison of the internal 
genitalia of a number of specimens may be necessary to de* 
termine this matter. As seen in undissected specimens the one 
shown in Fig. 33 seems to be correct. 

Amphipyga acuticauda (Baker). 

(Plate I, Pig. 1.) 

Atkysanella acuticauda Baker, Psyche V. VIII, p. 187, (1898). 

Aconura acuticauda Van Duzee, Catalog, Hemip , p. 653, (1917). 

Head wider than pronotum; vertex bluntly angular, two-thirds as 
long at middle as width between eyes. Pronotum about as long as 
vertex. Scutellum small in micropterous, larger in macropterous 
form. Elytral veins running to apex, no anteapical cells in micropterous, 
two and broad costal cells in macropterous form. 

Female segment truncate or slightly concave; ovipositor extending 
a little more than one-fifth beyond pygofer; male valve large; hind 
border rounded; plates short, triangular, reaching a little more than 
half way to tip of pygofer; pygofer broad, short, somewhat produced 
and angular or bluntly dentate at tip, with stiff submarginal bristles 
above, (See Fig. 2S). 

Internal Genitalia: Styles elongate, simple, nearly reaching tip of 
plates, aedeagus strongly curved, tapering to sharp point with large 
basal spur. 

Length: Female, 3.5-4 mm.; male, 3 mm. 

Described from Illinois. I have collected specimens from 
Iowa, Maine, Kalispell, Mont., Brookings, S. D., Fort Collins, 
Colo., Devil's Lake, N. D., and it has been recorded from New 
York. It probably occurs throughout the range of Canadian 
blue grass which appears to be a favorite food plant. It often 
occurs in enormous numbers and must constitute a serious 
drain on the forage value of this grass. 

Amphipyga b£Hi Osborn 
(Plate I, Fig. 3.) 

Amphipyga halli Osborn, Bull. 14, Ohio Biol. Survey, 1928, p. 289. 

Resembling acuticauda in size and general appearance but with 
distinct stripes on the elytra and very different genitalia. Head slightly 
wider than pronotum; vertex broad, faintly angulate, as long as pro- 
notum; front narrowing uniformly to clypeus; clypeus broad, slightly 
elevated medially; lorae large; cheeks narrow. Pronotum faintly 
striate. Elytra reaching base of abdomen, truncate behind. Abdomen 
broad. Female ovipositor extruded about one-fourth its length; last 
ventral segment short, scarcely longer than preceding, truncate or very 
faintly sinuate, polished. Male, pygofer, short, lower angle slightly 
produced; valve broad, rounded behind; plates short, triangular, inner 
border sinuate; style' large, with a long spur; aedeagus expanded, 
furrowed and serrate. (See Fig. 29). 
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Color: Light gray, a large round black spot each side on border 
between vertex and front, a small black dot at apex, three pairs of small 
fuscous dots on pronotum, and three broad stripes and a wedge-shaped 
shorter one on the elytra; the abdomen with four series of fuscous dots 
each side; beneath fuscous, with yellowish patches at the sides and on 
the middle part of the abdomen. 

Length: Female, 4 mm ; male, 3 mm. 

Described from numerous specimens collected at Burlington, 
Iowa, by the writer, Ames, Iowa, (Ball and Osborn) ; Columbus, 
Bellaire, and Marietta, Ohio, (Herbert Osborn). This species 
has been confused with acuticauda y but the details of internal 
genitalia as well as other distinctive characters establishes its 
identity. Type and paratypes in collections of author and 
Dr. E. D. Ball and National Museum, (No. 43180). 

Amphipyga califomica n sp 

Small, dark colored, resembling acuticauda but smaller and with 
the veins of inner sector coalesced for some distance Head slightly 
wider than pronotum, vertex short, broad, slightly longer than prono- 
tum, very obtusely angulate; Pronotum slightly concave; scutellum 
small; Elytra obliquely truncate, the veins of inner sector of medius 
coalesced with radial for nearly one-third its length; abdomen broad; 
pygofer large, sloping, apex rounding with a minute process at tip, and 
a few scattering bristles near the upper border; valve large rounded 
behind; plates short, approximate, wide at base, narrowing sharply 
to blunt, black tipped apices. 

Color: Dark gray, with fuscous markings; vertex with a dark 
gray band and short oblique stripe at base, two shiny black spots on 
front border, without central dot; front with short arcs, black sutures; 
pronotum with two black dots near the middle anteriorly, two larger 
dots behind the eye, a pair of dusky stripes near the middle, and a broader 
patch at the side; elytra with veins whitish, bordered with fuscous, 
and disc of the cells obscurely hyaline; abdomen with spots united to 
form fairly distinct stripes, pygofer with a black spot at base; valve and 
tips of plates, and apical tooth of pygofer, black 

Length : Male, 1.7-2 mm. 

Described from a single male (holotype, author's collection) 
collected by the writer at Elsinore, Cal., Feb. 6, 1924. This 
species might be taken for a small acuticauda , but it differs 
distinctly in absence of the black dot at tip of vertex, the 
coalesced veins of elytra, and the shape of the plates. Dr. 
Ball has sent me a second specimen, from Ephriam, Utah, 
which agrees perfectly with the one described above except 
that there is a fairly distinct apical dot on vertex and a pair 
of dark lines on median line of front. 
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Pectinapyga n. g. 

Vertex as long as broad, somewhat flattened, a little depressed 
toward the tip, rather distinctly angulate to front; ocelli distinctly above 
but close to the margin and very small. Pronotum short; scutellum 
small, wider than long, micropterous forms with elytra very short, 
barely reaching second abdominal segment; male hind tibia with a 
short spur half as long as first tarsal segment (Text Fig. la); ovipositor 
moderately long, extending about one-fourth its length beyond the 
py gofer, male pygofer with a chitnous tri-lobed or pectinate process on 
the lower hind border close to the apex, more or less concealed in the 
dry specimens, (See Fig. 48). Aedeagus with a slender basal rod, 
and expanded curved distal part, at the base of which is a large dorsal 
spur, style bilobed, acute at apex. Type species Pectinapyga texana. 

Pectinapyga texana n. sp. 

(Plate IV, Fig. 16.) 

Small, rather slender, somewhat flattened. Head scarcely as wide 
as pronotum, distinctly angulate; vertex flattened, as long as broad, 
nearly twice as long at middle as next to eye; ocelli minute, close to 
anterior border; front slightly flattened, straight in profile, about as 
wide as long; clypeus half longer than width at base, sides nearly parallel, 
disk slightly elevated; lorae elongate, reaching nearly to border of 
cheek. Pronotum broad, short, about two-thirds the length of the 
vertex; scutellum very small; Elytra short, reaching to base of second 
abdominal segment; Ovipositor one-fourth longer than pygofer; last 
ventral segment half longer than preceding segment, hind border 
slightly sinuate. Male, valve short, obtusely angular; plates broad at 
base, elongate, more than twice as long as valve, distinctly expanded 
on basal fourth, inner border nearly straight, apex bluntly rounded; 
pygofer elongate, obliquely narrowed from base of anal tube, apex 
bearing a conspicuous black chitinous tridentate process, more or less 
concealed or enfolded in dry specimens, a small cluster of bristles near the 
upper hind border. Internal genitalia, style expanded, bilobed, aedeagus 
with slender basal rod, expanded apical part, strongly curved, with 
large basal process, (See Fig. 48a and b). 

Color: Quite variable, pale specimens, being almost devoid of 
markings, darker specimens possessing fairly well marked dots, or 
dashes of fucous, evident between the veins of elytra and markings on 
abdomen; a central patch on last ventral segment of female, a basal 
spot on pygofer both males and females dark; on abdomen the markings 
consist of series of basal dots and with marginal dashes next to spiracles. 

Length: Females, 3 mm.; males, 2 mm. 

Described from numerous specimens from Brownsville and 
San Antonio, Texas. ' 

Holotype (female) and allotype (male) Brownsville, Texas, 
and paratypes, Brownsville, Corpus Christi and San Antonio, 
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Texas, collected by the writer. Specimens also from Welling- 
ton, Kansas, collected by W. H. Larrimer, and Clay Co., 
Kansas (J. H. Schaffner). (Type No. in National Museum 
43181). 


Genus Athysanella Baker. 

Psyche, Vol. VIII, p. 186, (1898). 

Aconura Leth., Horvath, Ann. Mus. Nat. Hung. VI, p. 567, 1908. 

Nephotettix , Mats., Van D., Catalog Hemip., p. 653, 1917, (in part). 

The species of this genus have a superficial resemblance to 
species of Euscelis , Lonatura , and Doratura , and as restricted 
will include besides the type species, magdalena, several other 
forms occurring in the plains regions east of the Rocky Moun- 
tains 

Head wider than pronotum; vertex somewhat produced, obtusely 
angulate, rounded to the front, somewhat depressed on the vertex, and 
usually with two large and one small black spot, both macropterous 
and brachypterous forms, and the hind tibiae in the males bear a strong 
spine at tip usually about half as long as first tarsal segment; the male 
plates are variable in length and form styles strong; the pygofer truncate 
or rounded behind, without teeth or processes at the lower angle. 

Key to Species of Athysanella. 


1. Vertex longer than pronotum, obtusely angulate 2 

Vertex not longer than pronotum, broadly angulate 9 

2. Female segment convex or produced, long at middle 3 

Female segment cmarginate or short at middle 6 

3. Male plates triangular 4 

Male plates obliquely truncate or quadrangular terebrans G. & B. 

4. Male styles long capitate attenuate Baker 

Male styles slender at tip 5 

5. Male pygofer rounded, plates longer than wide n. sp. 

Male pygofer truncate, plates wider than long extrusa 

6. Female segment not deeply sinuate utahna n. sp. 

Female segment deeply emarginatb or sinuate 7 

7. Female segment cut half way to base, male plate triangular — yumana n. sp. 

Female segment cut to base 8 

8. Smaller, female 3 mm., male 2.25 mm gardenia n. sp. 

Larger, female 4.5 mm, male 3 mm curtipennis G. & B. 

9. Female segment produced at middle 10 

Female segment emarginate or deeply sinuate at middle 11 

10. Male plates long, female segment with long central lobe magdalena Bak. 

Male plates short, half as long as pygofer; female segment short, mid-lobe 

short montana n. sp. 

11. Female segment emarginate half way to base, male plate short, .robusta Bak. 

Female segment cut to near base (Tex.) excavata n. sp. 
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Athysanella robusta Baker. 

(Plate V, Fig. 22.) 

Athysanella robusta Baker, Psyche, Vol. VIII, p. 189, 1898. 

Aconura robusta. Van Duzee, Catalog. Hemip., p. 653, 1917. 

Aconura robusta , Lawson, Kansas Sci. Bull., XII. p. 164, 1920. 

Head large, wider than pronotum; vertex short, scarcely longer than 
pronotum. Pronotum slightly concave; elytra truncate; male tibial 
spur short (Text Fig. le and m?) ; abdomen tapering; ovipositor extend- 
ing about one-fourth its length, beyond the pygofer; last ventral seg- 
ment, long, deeply excavated, median lobe about half as long as lateral; 
male pygofer rounded, sub-angulate on posterior border; valve distinctly 
angular; plates short, about half as long as pygofer, divergent, hind 
border rounded; styles elongate, with two long widely separated spurs, 
curved at the tips; aedeagus narrow, sharply angled. 


"\c>C\.WV\ * 



Text Fig. I. tibial Spurs. 

a, texanus; b , magdalena; c, terebrans; d t yumana; e } robusta; /, extrusa; 
g, gardenia; h, abbreviate; i, emarginata; j, sinuata; k , nacazarana; 
l t viridia; m, A. robusta var. (?); «, argenteola. 

Color: Pale, gray, vertex with two shiny black spots near the eyes, 
and brown spots at apex and on the disc, frontal arcs distinct, sutures 
blackish, pronotum with three pairs of black dots near the front border; 
elytra hyaline, cells somewhat infuscate, veins whitish; abdominal 
dots merging into stripes, a fuscous stripe on the side of the pygofer of 
the female; tip of ovipositor, brown. 

Length : Female, 3.?5 mm.; male, 3 mm. 

Redescribed from male and female specimens, collected at 
Ames, Iowa. The species was described from Colorado and 
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has been reported from Kansas, and I have specimens from 
various points in Colorado, and the DeLong collection includes 
one from Cams, Nebraska, collected by W. D. Pierce. 

Athysanella montana n. sp. 

(Plate V, Fig. 23.) 

Head broad, scarcely as wide as prontum, vertex wider than long, 
as long as pronotum, sub-angulate, front convex. Pronotum slightly 
concave. Elytra hyaline, macropterous female with venation of typical 
form with an accessory cell on each elytrom, but in different positions, 
and three or four cross veins at base of outer anteapical. Ovipositor 
about one-fifth longer than pygofer; last ventral segment short, broadly 
sinuate, middle lobe longest, polished black. Male pygofer short, but 
with a curved upturned extension posteriorly; valve rather narrow, 
long, obtusely angulate; plates short, half as long as extended pygofer, 
apex upturned, acute; styles short, tips exposed behind plates. 

Color : Dull gray, with fuscous marking; vertex with a series of 
basal spots, a small black dot at apex; frontal arcs broken into dots, a 
double stripe near the apex; pronotum with a pair of dots near the 
middle in front, a series of fuscous patches across the disc, a central 
spot and triangles at base; the macropterous form with narrow fuscous 
edgings on the whitish veins. Male elytra unmarked; abdomen with 
the usual series of dots; beneath, pectus and venter on disc, blackish; 
legs pale with fuscous lines. 

Length: Female, 3.3 mm.; male, 2 5 mm. 

Described from one female, macropterous (National Museum 
No. 43182), one male, brachypterous, collected at Havre, Mont, 
by W. H. Larrimer. This species differs decidedly from 
robusta in the extended upturned tip of pygofer as well as in 
other details. 


Athysanella magdalena Baker. 

(Plate III, Fig. 11.) 

Athysanella magdalena , Baker Psyche, Vol. 8, p. 185, 1898. 

Aconura magdalena Van Duzee, Catalog Hemip., p. 653, 1917. 

Rather small, head wider than pronotum, angulate; vertex about 
as long as width between eyes, convex, somewhat depressed posteriorly, 
roundingly angulate to front; front thick, slightly flattened. Pronotum 
as long as vertex; scutellum rather large; Elytra macropterous with 
two anteapical areoles, three oblique veins in costal areole, next the 
outer anteapical. Male tibial spur short, straight, (Text Fig. 15). 

Genitalia: Female ovipositor extended about one-third its length 
beyond pygofer; last ventral segment deeply sinuate, central lobe pro- 
duced and bordered with black; male, valve short, rounded behind; 
plates elongate, divergent, inner border strongly curved, outer border 
nearly straight; pygofer of hind border truncate, excavated dorsally 
about one-half its length; internal genitalia; styles divergent, acutely 
pointed. 
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The type specimens of Athysanella magdalena were from 
Magdalena Mts., N. Mex., and Ft. Collins, Colo. Specimens 
collected by the writer at Pueblo, Colo., 1910, agree with type 
material and Baker’s description. 

Athysanella attenuata Baker. 

(Plate II, Fig. 5.) 

Athysanella attenuata Baker, Psyche, Vol. 8, pp. 188. 

Aconura attenuata Van Duzee, Catalog, Hemiptera, p. 653, 1917. 

Head wider than pronotum, obtusely angular; vertex about as 
long as width between the eyes, rounded to front, depressed to behind 
the middle, and with a small depressed area near the tip; front narrowed 
below; clypeus longer than width, tapering slightly to truncate apex. 
Pronotum about two-thirds as long as vertex; scutellum wider than 
long. Elytra, brachypterous form, truncate behind, reaching on to 
second abdominal segment. 

Genitalia: Female last ventral segment long, nearly twice as long 
as preceding, produced at middle. Male valve obtusely angular; 
plates short, broad, obliquely truncate behind, not reaching tip of 
pygofer; pygofer broad, obliquely rounded behind; styles reaching tip 
of plates, strongly bidentate; aedeagus large, expanded toward tip, 
with a strong ventral furrow. 

Color: Light gray; vertex and pronotum with small brown or 
fuscous dots; elytra with dark stripes between the veins; abdomen 
dotted and lined with fuscous, a quite definite line below the spiracles; 
disk of last ventral segment in the female and valve of male, fuscous. 

Length: Female, 3.5 to 4 mm.; male, 3 mm. 

Described from Colorado. Numerous specimens collected 
by the writer at Pueblo, Colorado, April, 1910. 

Athysanella gardenia n. sp. 

(Plate II, fig. 10.) 

Robust, rather short, head scarcely wider than pronotum, vertex 
wider than long, longer than pronotum, sub-angulate. Pronotum 
slightly sinuate. Elytra obliquely truncate. Male tibial spur curved 
at tip, (Text Fig. lg). Ovipositor rather short, extending about one- 
fifth its length beyond the pygofer; last ventral segment very deeply 
excavate, lateral lobes and tip of median lobe only, showing. Male 
pygofer broad, hind border sinuate; valve long, narrow, sharply angular; 
plates broad, widely separate, quadrate, about half as long as pygofer; 
styles exposed, widened at the middle, extended into divergent curved 
tips; aedeagus abruptly curved, furrowed, margins faintly serrate 
(Fig. 42, a and b). • 

Color : Ashy gray; vertex with two conspicuous blackish spots 
between ocelli, a small round black spot at tip, with a minute dot each 
side, a faint fuscous triangle near the tip, a fuscous patch on the disc, 
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and a black dot near the base. The front with diminishing fuscous 
arcs, a double wedge-shaped spot toward the apex; pronotum with six 
dots near the margin; elytra ashy sub-hyaline, veins paler; abdomen 
with usual series of dots, apex of sixth segment black, disc of venter 
dusky, base of valve, style and aedeagus black; tip of ovipositor, reddish 
brown. 

Length: Female, 3 mm ; male, 2.25 mm. 

Described from a series of specimens collected by the author 
in the Garden of the Gods, Colorado, April, 1910. These are 
similar in size to occidentalis but differ in genitalia, and the 
males have a distinct tibial spur. National Museum Type No. 
43183. 


Athysanella curtipennis (G. & B.) 

Athysanus curtipennis Gillette and Baker, Hemip. Colo., p. 92. 

Nephotettix curtipennis , Van Duzec, Catalog Hemip., p. 653, 1895. 

Varied with fuscous and light yellow; vertex with two prominent 
black spots, the elytra with fuscous stripes; abdomen rather strongly 
marked with fuscous; Head broader than prothorax; vertex bluntly 
rounded, a little more than one-half as long at middle as width between 
the eyes, one-fourth longer at middle than next the eye, rounded to 
front; front broad, narrowed uniformly to apex; clypeus, narrow toward 
tip, longer than width; lone broad, not touching margin of cheek; margins 
of cheek slightly sinuate; pronotum short, scarcely as long as vertex; 
scutellum small, triangular; elytra short, extending to second abdominal 
segment; ovipositor long, extending one-third its length beyond tip of 
pygofer; last ventral segment, female, deeply excavate, lateral angles 
extended; male, valve large, rounded behind; plates broad, obliquely 
truncate at tip, outer angle rounded; pygofer elongate at lower margin, 
extended into slender curved spine; styles elongate and distinctly 
hooked at tip with a broad spur near the base. Aedeagus upturned, 
broad and furrowed, outer margins minutely dentate. 

Color: Dull gray, the vertex with rounded black spots and triangular 
brown patches near occiput; pronotum with about six black dots behind 
the anterior margin; the elytra with six or seven fuscous stripes in the 
areoles; abdomen with a double median stripe, a lateral stripe inter- 
rupted by spots midway to pleura, and a pleural series of triangular 
spots. Face, light yellowish, the front with broken fuscous or brownish 
bars; beneath light yellowish with series of brownish spots on the 
abdomen and lateral stripes on the pygofer. 

Length: Female, 4.5 mm. ; male, 3 mm. 

Redescribed from Colorado specimens. Numerous speci- 
mens referred here have been examined from various sources 
including records for “Colo”., 4 4 La Salle, Col.” “Dutch Gap,” 
etc. 
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Athysanella terebrans (G. & B.) 

(Plate II, Pig. 6.) 

Eutettix terebrans Gillette and Baker, Hemip. Colo., p. 102. 

Athysanella incongrua Baker, Psyche, Vol. VIII, p. 188, (1808). 

Aconura incongrua Van Duzee, Catalog, Hemip., p. 653, (1917). 

Nephotettix terebrans , Van Duzee, Catalog. Hemip., p. 653, (1917). 

Large, robust, head wider than pronotum, vertex longer than 
pronotum, wider than long, scarcely depressed on the disc, very obtusely 
angulate; pronotum short. Elytra nearly truncate, reaching base of 
third segment. Tibial spur of male slender, (Text Fig. U). Female, 
ovipositor long, reaching one-third its length beyond the pygofer; last 
ventral segment sinuate; middle lobe nearly as long as lateral, black 
margined; Male pygofer rounded, broad; valve long, distinctly angled; 
plates broad, divergent, truncate at apex; styles very large with a sharp 
lateral tooth; aedeagus much inflated, furrowed behind, the margins 
minutely serrate, apex recurved and sharp, (See Fig. 34). 

Color: Pale gray; vertex with a prominent black lunate spot over 
ocelli, a small round black point at apex, faint brownish spots and a 
transverse broken bar, two minute dots at hind border; front with short 
fuscous arcs, an expanded double stripe on the middle; pronotum with 
three pairs of black dots; elytra ashy, sub-hyaline, veins a little lighter; 
claval suture black; abdomen with the usual arrangement of black 
dots, merging somewhat more into lines, disc of venter dark, and base 
of male valve, the styles and aedeagus, black. 

Length: Female, 5 mm.; male, 3 mm. 

Redescribed from specimens collected by the author at 
Pueblo, Colo., April, 1910. The males agree closely with the 
type specimen of incongrua in the National Museum, and 
females associated with them answer exactly to the description 
of terebrans. The much enlarged style and aedeagus are easily 
seen without dissection as they extend beyond the pygofer. 

# 

Athysanella extrusa n. sp. 

(Plate II, Fig. 8.) 

Similar to curtipennis , large, robust, head wider than pronotum, 
vertex a little longer than pronotum, pronotum slightly concave, 
elytra extending on to second abdominal segment, hyaline. Male 
tibia with short spur, (Text Fig. 1/). Female ovipositor long, extending 
about one-third its length beyond the pygofer, female segment very 
long, truncate, and longitudinally striate; male pygofer broad, truncate 
behind; valve very broad, obtusely angulate; plates very short, wide 
apart, divergent, outer margin sinuate; styles with a very long slender 
appendage, entirely exposed beyond the short plates; aedeagus widening 
toward tip, coarsely serrate at apex and with a short sharp tooth at 
inner tip, (See Fig. 36a and b). 
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Color: Dull gray or ashy, vertex with two large black spots between 
ocelli, and a black spot at tip extending down to the front, which has 
a series of conspicuous fuscous arcs. Sutures black; pronotum with 
faint clusters of dots, more marked in the male. Elytra hyaline, 
abdomen with a series of dots in the female, which merge into black 
stripes on the male, the median and intermediate ones including white 
dots. Disc of venter, middle of female segment, most of the male 
valve, style, and aedeagus, black. 

Length: Female, 5 mm. ; male, 3 mm. 

Described from a series of thirteen specimens, five females 
and eight males, type and paratypes, from Springer, N. M., 
collected by C. M. Ainslee. National Museum Type No. 43184. 
This agrees in many respects with curtipennis but the female 
segment and male genitalia both appear very distinct. 

Athysanella yumana n. sp. 

(Plate II, Fig. 9.) 

Robust, head broader than pronotum; vertex wider than long, 
distinctly longer than pronotum. Pronotum short, angularly emarg- 
inate behind; scutellum minute. Elytra reaching on to second abdom- 
inal segment, slightly convex on hind border. Male with a short 
tibial spur, (Text Fig. 1</). Female, ovipositor long, extending one- 
third its length beyond the pygofer, last ventral segment broadly 
excavate, the median lobe little more than half as long as the lateral 
lobes. Pygofer sparsely bristled. Male, pygofer rounded behind; 
plates elongate triangular, divergent, apex bluntly rounded; valve 
short, styles broadly bifid, the outer lobe slightly curved; aedeagus 
expanding dorsally, minutely serrate on hind border, tip slightly notched. 

Color: Pale gray, or ashy, vertex with a black point at tip, and one 
over each ocellus, a faint sutural line on the elytra, the abdominal 
series of black points, those near the middle and at margin more distinct. 
A few median spots on the venter, the middle of the female segment, 
base of male valve, blackish. 

Length: Female, 4 mm.; male, 2. 75 mm. 

Described from numerous specimens collected by the author 
at Yuma, Arizona, February, 1910. This species resembles 
curtipennis but the genital structures of both sexes differ in 
important details. Types in author’s collection and National 
Museum. (Type No. 43185.) 

Athysanella excavata n. sp. 

(Plate V, Fig. 25.) 

Robust, head slightly wider than pronotum, vertex short, wider 
than long, scarcely longer than pronotum. Elytra extending on to 
second abdominal segment. Ovipositor long, extending one-third its 
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length beyond the pygofer; last segment deeply excavate, leaving a 
triangular lateral lobe and barely showing a central lobe at base. 

Color: Dull gray, markings indistinct, a faint cloud on the vertex; 
elytra hyaline, veins obscure; abdomen with minute dots in a series at 
base of segments; ovipositor tipped with brown; venter dark on the 
disc. 

Length: Female, 4.5 mm. 

Described from four specimens, two collected at Brownsville, 
Texas, one at Corpus Christi, and one at San Antonio, Texas, 
by the writer. National Museum Type No. 43186. These 
resemble curtipennis in the female segment but have no trace of 
the black spots and can hardly be referred to that species with 
certainty. 


Athysanella utahna n. sp. 

(Plate III, Fig. 12.) 

Pale gray, or distinctly yellowish, variable with, in some cases 
very faint traces of dots; length, female 4.5 mm.; male, 2.5 mm. 

Head, scarcely wider than pronotum, vertex long, slightly depressed 
behind, the middle obtusely angulate, twice as long at middle as next 
the eye, rounded to front; front broad, narrowing abruptly to clypeus; 
clypeus narrowing to tip; loras rather narrow and short; margins of 
cheek faintly sinuate under the eye, otherwise nearly straight; margin, 
pronotum short, about three-fourths as long as vertex; hind margin 
sinuate; scutellum small, elytra obliquely truncate, transparent, the 
veins very indistinct, faintly punctured; tibial spur over half as long 
as first tarsal segment; ovipositor nearly one-half longer than pygofer; 
last ventral segment rather long, truncate or very slightly emarginatc, 
lateral angles nearly acute; male, valve broad, hind border rounded or 
slightly produced medially; plates broad at base, narrowing toward 
the tip, divergent, outer margin concave, pygofer broad, short, hind 
margin rounded; styles, divergent, sharply curved toward tips, aedeagus 
broad, furrowed, faintly dentate, with a strong dorsal tooth. (Fig. 
41, a and b). 

Color: Varying from pale gray to rather bright greenish-yellow; 
in the male there are fairly distinct frontal arcs, otherwise markings are 
very faint or absent. 

' Described from a series of specimens from Dr. E. D. Ball, 
collected at Richfield, Utah, Aug. 24, Sept. 3, 1915, Sept. 6, 
1915, Ephriam, July 20, Monroe, July 25, 1906, also Wray, Col., 
July 13, 1899, Grand June. Colo. July 27, 1900, Aug. 7, 1906. 
Types in collections of E. D. Ball, the author, and U. S. National 
Museum. (Type No. 43187). 
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Genus Gladionura n. g. 

Slender, vertex usually longer than wide, distinctly angular, female 
ovipositor long, the male pygofer oblique and terminating in an acute 
tip, recurved hook or long process more or less curved at tip. Plates 
long often exceeding the pygofer, styles blunt or with blunt process, 
aedeagus upturned not or scarcely furrowed on the hind border but 
with a distinct emargination on inner part of apex. (See Fig. 44-46) * 
Males with a long spine at tip of tibia often as long as first tarsal joint. 
Type species argenteola , Uhl. 


Key to the Species of Gladionura. 


1 . 

2 . 

3. 

4. 

5 . 

6 . 

7. 

8 . 


Male pygofer short, sloping, ending in acute tip or blunt spur 2 

Male pygofer narrowing and extended into a long process often curved 

and hooked at tip.' 6 

Male pygofer with a blunt upturned recurved spur at tip recurvata n. sp. 

Male pygofer with acute tip or short apical spur 3 

Female segment not emarginate, convex and sinuate, male pygofer with 

blunt spur sinuata n. sp. 

Female segment emarginate on hind border, male pygofer acute 4 

Female ovipositor short, scarcely exceeding pygofer abbreviata n. sp. 

Female ovipositor considerably longer than pygofer 5 

Male plates long, not or slightly divergent, 4 mm emarginata n. sp. 

Male plates short, divergent. Small, 2-3 mm frigida n. sp. 

Vertex long, rather sharply angular, female segment emarginate, 

argenteola Uhl. 

Vertex shorter, bluntly angled 7 


Larger, 4 mm., Grass green viridia n. sp. 

Smaller, pale gray or whitish 8 


Male pygofer with very long slender extension extensa n. sp. 

Male pygofer with produced sharp tip not elongate nacazarana n. sp. 


Gladionura recurvata n. sp. 

(Plate IV, Fig. 17.) 

Similar to argenteola , but with produced female segment, short 
male pygofer, and slender style. Head slightly wider than pronotum, 
vertex as long as broad, nearly half longer than pronotum, distinctly 
depressed behind the middle, and with a shallow depression near the 
apex. Pronotum sinuate, elytra ^extending to base of third segment. 
Tibiae of the male with a short spine. Female (?) ovipositor long, 
extending more than one-third its length beyond the pygofer; last 
ventral segment produced medially, lateral angles scarcely visible; 
male pygofer long, tapering to near tip, apex strongly bent, recurved; 
valve long, angulate; plates broad, outer margins sinuate; style with a 
rather thick elongate process directed backward, aedeagus broad, inner 
tip emarginate, (Fig. 38). 

Color: Pale gray, markings very faint, elytra milky hyaline, disc 
of venter dusky. 

Described from one specimen, male, (holotype) collected at 
Yuma, Arizona, by the writer, Feb. 1910. The female associated 
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with this specimen with some doubt has the segment as 
described, and the markings of the vertex somewhat more 
distinct. It is possible that it belongs to a different species. 

Gladionura aridicola n. sp. 

(Plate IV, Fig. 18.) 

Head as wide as pronotum, angulate; vertex scarcely as long as 
width between eyes, longer than pronotum; pronotum short, slightly 
concave behind; elytra, micropterous form, short, reaching second 
abdominal segment, truncate. Female last ventral segment nearly 
twice as long as preceding, truncate; ovipositor short scarcely one- 
fourth longer than pygofer. Male valve obtusely angular; plates 
broad outer margin sinuate; pygofer obliquely truncate, with a cluster 
of spines dorsally; style with sharp dorsal tooth; aedagus curved, 
outer border sinuate, faintly serrate. (Fig. 39.) 

Color: Ashy gray with dots of fuscous in series on base of abdominal 
segments and a dark band at base of pygofer and a central dark patch 
on female segment. 

Length: Female, 3.5 mm.; male, 2.5 mm. 

Described from one female (holotype) Yuma, Ariz. (H. O.) 
one female (paratype) Tucson, Ariz. and two males (allotype 
and paratype) Yuma, Ariz. The males placed here cannot be 
connected with the females with absolute certainty but agree 
so closely that it seems best to associate them. 

In the key this would fall near recurvata. 

Gladionura sinuata n. sp. 

(Plate III, Fig. 13.) 

Small, size of argenteola , slender, head wider than pronotum, vertex 
a little longer than wide, more than half longer than pronotum, faintly 
depressed. Elytra extending half w^y on second segment. Female 
ovipositor more than one-third longer than pygofer; last ventral segment 
produced, nearly twice as long as preceding, hind border sinuate, the 
middle lobe longest; male pygofer short, with a blunt spur at the hind 
angle; valve sub-angulate; plates large, extending beyond the pygofer, 
apex acute; style broad toward the tip, slightly emarginate on outer 
margin, aedeagus broad, tip rather slender, deeply emarginate on 
inner border, (Fig. 43). 

Color: Dull gray, with very faint marks, ocelli blackish elytra 
hyaline; abdomen with minute dots in basal series, disc of venter 
blackish; female segment bordered with black. 

Length: Female, 3.5 mm.; male, 2.5 ‘mm, 

Described from a long series, collected by the writer in the 
Garden of the Gods, Colo., April, 1910. , 
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Gladionura abbreviate n. sp. 

(Plate V, Fig. 27.) 

Head wide, wider than pronotum, vertex broad, somewhat depressed, 
longer than pronotum, bluntly angulate to front. Pronotum rather 
deeply concave; scutellum minute, Elytra truncate. Female ovipositor 
short, barely passing the pygofer, last ventral segment emarginate, 
hind border sinuate; male pygofer short, apex acute, not produced; 
valve short, angulate; plates long, tips acuminate, extending beyond 
the tip of pygofer; styles shorter than plates, ending abruptly in a 
flattened knob; aedeagus short nearly straight, not inflated, the tip 
emarginate on the inner face, (Fig 45) Tibia; of male with a long 
spur curved at base and a little upturned at tip, (Text Fig. 1 h). 

Color: Pale gray, some of the specimens suffused with greenish, 
vertex with markings obsolete, or faintly indicated; frontal arcs very 
faint; elytra hyaline, veins very indistinct, in one specimen a row of 
dots on the hind border; abdomen with minute dots; beneath, pectus 
and venter blackish. 

Length: Female, 3 25 mm ; male, 3 mm. 

Described from four specimens, one female (type) and three 
males (allotype and paratypes), Capa, S. Dak., Aug. 12, 1922, 
H. C. Severin. (U. S. National Museum Type No. 43188.) 
This species is unusual in the group on account of the very short 
ovipositor, possibly an abnormal case as only one specimen 
was in hand. The male genitalia, however, are quite distinct 
from those of any other species, although falling in the argenteola 
group. 


Gladionura emarginata n. sp. 

(Plate IV, Fig. 19.) 

Resembling argenteola but larger, the female segment obliquely 
excavate, male pygofer shorter. Head wider than pronotum; vertex 
as long as broad, nearly half longer than pronotum, distinctly angulate. 
Pronotum short, distinctly concave. Elytra, (brachypterous) reaching 
second abdominal segment, macropterous female, reaching to tip of 
pygofer. Male tibial spur thick at base, long, (Text Fig. i). Female 
ovipositor long, extending one-third its length beyond the pygofer; 
last ventral segment deeply emarginate, the lateral angles incurved, 
the hind border sinuate, scarcely visible beyond the preceding segment, 
except at center where there is a short lobe. Male, pygofer doping, 
rather short, the apex bluntly toothed; the valve short, slightly angulate; 
plates very broad, extending up onto the pygofer, tip acute, meeting 
on the inner border near the tip; style very broad, with two prominent 
lobes, reaching about to tip of plate. Aedeagus broad, with a broad 
emargination on inner tip, (Fig. 37). _ * 

Color: Dull gray or ashy, the markings very faint, nearly obsolete 
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on vertex and pronotum; elytra sub-hyaline; the veins narrowly milky; 
abdomen with usual dots merging into stripes in the male. 

Length: Female, 4.5 mm.; male, 3 mm. 

Described from a number of specimens (type and para- 
types) collected at Corpus Christi and San Antonio, Texas, 
by the writer, Feb. 1910. National Museum Type No. 43189. 
Quite a number of specimens, particularly those from San 
Antonio, are long winged for the females and show a typical 
venation. Fresh specimens have a brilliant metallic green- 
gold color which disappears soon after they are killed. 

Gladionura frigida n. sp. 

Light gray, faintly marked, tinged with brownish; length female, 
3 mm.; male, 2.25 mm. 

Head wider than pronotum; the vertex sub-angulate, depressed 
behind the middle, one-third longer at middle than next the eye; front 
broad; clypeus distinctly narrowing toward tip; lorac elongate, cheeks 
slightly sinuate; pronotum, strongly arched, scarcely as long as vertex, 
distinctly concave behind; scutellum short, wider than long; elytra 
obliquely truncate, reaching apex of the second abdominal segment; 
ovipositor about one-fourth longer than pygofer; female, last ventral 
segment, broadly excavated behind; lateral angles rounded; male 
pygofer short, produced below but not spined; valve short, produced 
at center to a sharp angle; plates broad, short, divergent; claspers 
broad with a strong outer spur, aedeagus strongly upturned and polished, 
expanding dorsally. 

Color: Pale gray, somewhat tinged with brown; vertex and pro- 
notum with faint, minute brownish dots; abdomen with a series of 
dots at base of each segment; the front with distinct brownish or fuscous 
arcs. Five specimens, 3 female and 2 male. 

N. Colo. 5-18, and 4-2 ’98. Holotype, allotype and para- 
types. Collection of E. D. Ball. (Paratypes in Osborn Col- 
lection and National Museum, No. 43190.) 

Gladionura argenteola (Uhler). 

(Plate III, Fig. 14.) 

Deltocephalus argentcolus Uhler, Bull. U. S. Geol. & Geog. Surv. Ill, p. 473, 1877* 
Aconura argenteola , Van Duzee, Catalog Hemipt., 653, 1917. 

Small, slender, head as wide as pronotum, produced angular, but 
rounded at tip, vertex slightly depressed on the disc, as long as wide, 
longer than pronotum; scutellum minute; elytra reaching to hind 
bolder of second abdominal segment. Tibia of male with a strong, 
curved spine. (Text Fig* In). Female segment broadly emarginate; 
hind border within the lateral lobes, straight or slightly convex, narrow, 
scarcely as long as preceding segment. Male, pygofer sloping, pro- 
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duced into a sharp spine slightly curved at tip; plates broad, divergent, 
slightly sinuate on the margin with acute angle at tip; style blunt, as 
long as plate; aedeagus rather long, slender, emarginate at inner part 
of tip, (Fig. 36). 

Light gray, or sometimes greenish white, fresh specimens with 
brilliant metallic luster, vertex with faint brown dot at tip, and brown 
ocelli, elytra tinged with greenish, abdomen with faint minute dots 
at base. The apex of sixth segment in female, tips of pygofer and style, 
and the tarsal claws blackish. 

Length: Female, 3 mm.; male, 2.5 mm. 

This species was described from Colorado and is common in 
western half of Kansas, being taken as far east as Ottawa 
County in the plains grasses. It has been taken in great 
numbers by the author and by Dr. Lawson and must be a 
heavy drain upon the forage value of the range grasses. 

Gladionura viridia n. sp. 

(Plate V, Fig. 26.) 

Resembling argenteola but larger, and retaining green color, and 
differing in genitalia. Head, scarcely wider than pronotum; vertex as 
long as wide, nearly half longer than pronotum, with a slight depression 
toward the tip; elytra reaching hind border of second abdominal seg- 
ment, sub-truncate behind; male tibial spine short, (Text Fig. 1/). 
Ovipositor long, extending one-third its length beyond the pygofer; 
last ventral segment of female emarginate, and with the border between 
the lateral angles rather distinctly sinuate and about half as long as 
lateral angles. Male pygofer elongate, narrowed from the middle, and 
extending into a long process sharply hooked at tip; valve triangular, 
about half as long as plates; plates large, broad, covering sides of pygofer, 
divergent, apex acute; styles flat, broadly expanded at tip into three 
broad lobes. Aedeagus rather short and broad, slightly curved, deeply 
emarginate on inner tip. (See Fig. 44). 

Color : Grass green, persisting in the dried specimens, with very 
minute dark dots. Vertex with a black dot each side at base; ccelli 
black; frontal arcs pale; elytra hyaline, suffused with green; abdomen 
with a series of fine dots at base; ovipositor tipped with brown; venter 
mostly green; border of the female segment, base of valve, style and 
aedeagus, black. 

Length: Female, 4 mm.; male, 3 mm. 

Described from a series of specimens, (types and paratypes), 
seven females, six males, collected at Montgomery County, 
Kansas, Aug. 3, 1923, (Beamer-Lawson) and kindly forwarded 
by Doctor Lawson. (National Museum Type No. 43191.) 
This belongs to .the argenteola group but has a very distinct 
difference in the male styles and a somewhat different outline 
for the female segment. 
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Gladionura extensa n. sp. 

(Plate VII, Fig. 46.) 

Apparently nearly related to argenteola , but distinguished by the 
enormously elongated pygofer which forms a strong hook. Head 
broad; vertex short, a little longer than pronotum, scarcely angular, 
faintly depressed near the base, but not at tip, polished; pronotum 
concave. Elytra reaching to tip of second abdominal segment. Male 
pygofer broad at base, narrowing abruptly beyond the middle, and 
extended into a very long process, curved at the tip; valve long, angular; 
plates elongate, rather narrow, tips bluntly angular; styles much swollen 
toward the tip, incurved; aedeagus thin, curved, emarginate on inner 
tip. (Fig. 46). 

Color: Light gray, with very distinct fuscous markings, the vertex 
with two large round black dots, a small dot at apex, and an interrupted 
transverse band with two minute oblique bands at base. Pronotum 
with three pairs of dots anteriorly, and three short stripes posteriorly, 
the middle one continued on the scutellum. Elytra with distinct 
fuscous stripes in the cells. Abdomen with the usual dots and stripes 
well-marked; beneath darker; the face with short arcs and an inter- 
rupted double stripe on the middle, a large dot just outside the lorae, 
and the sutures black. 

Described from one specimen, male (type) Delphos, Kansas, 
collected by the writer, April, 1910. Possibly the females are 
not easily distinguished from argenteola. 

Gladionura nacazarana n. sp. 

(Plate III, Fig. 15.) 

Similar to argenteola but slightly larger with shorter vertex and with 
quite different genitalia; head wider than pronotum; vertex as long as 
wide, one-fourth longer than pronotum; pronotum sinuate; elytra 
short, reaching on to second segment, convex behind. Male tibia 
with a long slender spur, (Text Fig. If). Female, ovipositor long one- 
third longer than pygofer, last segment emarginate, the middle section 
not produced: Male pygofer short, sloping, tip produced into a sharp 
point; valve long, angled behind; plates large, outer angle acute; styles 
rather slender, obtusely pointed; aedeagus short. 

Color: Pale gray, suffused with yellowish in the female, pinkish 
in the male; vertex with faint brown dots over ocelli; abdomen with 
minute blackish dots in the usual series, mostly obsolete in the male; 
disc of venter, base of male valve, tips of pygofer, styles and aedeagus, 
black. 

Length: Female, 3.75 mm.; male, 2.75 mm. 

Described from two specimens, holotype (female) and allo- 
type (male) in Osborn collection, collected at Nacazara, Mexico, 
July 25, 1907, by J. S. Hine. The difference in color is/ I 
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believe, simply a variation as in all other respects these two 
specimens collected at the same time appear to agree perfectly 
in structure. 


EXPLANATION OP FIGURES IN THE PLATES. 

Plate I. 

Pig. 1. Amphipyga acutuauda: la, nymph; lb, brachypterous female; 1 c, vertex 
and pronotum; Id, female; If, male genitalia, lateral view; 1/, ventral 
view; lg, another lateral view; 1 h, elytra macropterous, female. 

Pig. 2. Amphipyga occidentalis : dorsal view macropterous female: 2 a, face; 

2b, vertex and pronotum; 2c, female; 2d, male lateral; 2e, vental view 
genitalia; 2 /, elytron. 

Pig. 3. Amphipyga balli, vertex and pronotum: b, female; (, male lateral; d, 
ventral view genitalia. 

Fig. 4. Amphipyga aridclla: a, vertex and pronotum; 4 b, female; c, male lateral; 
d , ventral view. 

Plate II. * 

Fig. 5. Athysanella attenuata: a, vertex and pronotum; b, female; c, male lateral; 
d , ventral genitalia. 

Fig. 6. Athysanella terebrans: a, vertex and pronotum; b, female; c , male lateral; 
d, ventral view genitalia. 

Pig. 7. Amphipyga stylata: a, vertex and pronotum; b, female; c, male lateral; 
d, ventral view, genitalia. 

Pig. 8. Athysanella extrusa : a, vertex and pronotum; b, female; c, male lateral; 
d, ventral view, genitalia. 

Pig. 9. Athysanella yumana: a, vertex and pronotum; b, female; c , male lateral; 
d , ventral view, genitalia. 

Fig. 10. Athysanella gardenia : a , vertex and pronotum; b , female; c, male lateral; 
d, ventral view, genitalia. 

Plate III. 

Fig. 11. Athysanella magdalena : a, face; b, vertex and pronotum; c , female; d , 
lateral; e , ventral view genitalia;/, female elytra; macropterous female. 

Pig. 12. Athysanella utahna: a, vertex and pronotum; b, female; c, male lateral; 
d, ventral view, genitalia. 

Pig. 13. Gladionura sinuata: a, vertex and pronotum; b, female; c, male lateral; 
d, ventral view, genitalia. 

Fig. 14. Gladionura argenteola: a, vertex and pronotum; b , female; c, male lateral; 
d, ventral view, genitalia. 

Pig. 15. Gladionura nacazarana: a, vertex 'and pronotum; b , female; c, male lateral; 
d, ventral view, genitalia. 

Plate IV. 

Pig. 16. Pectinopyga texana, head: a , female; b , male lateral view, genitalia. 

Pig. 17. Gladionura recurvata , vertex and pronotum: a, female; 5, lateral; c , 
ventral, genitalia. 

Pig. 18. Gladionura aridicola, vertex and pronotum: a, female; 5, lateral; c, ventral 
view male, genitalia. 



1930] Osborn: Leafhoppers of Athysanblla Group 


713 


Fig. 19. Gladionura emarginata , vertex and pronotum: a, female; b t lateral; c, 
ventral view male, genitalia. 

Fig. 20. Gillettiella labiate vertex and pronotum; a, female; b, lateral; c t ventral 
view male, genitalia. 

Fig. 21. Gillettiella atropuncta: a, dorsal view; b, vertex and pronotum; c } female; 
d t male lateral; e, ventral view, genitalia;/, elytron. 

Plate V. 

Fig. 22. Athysanella robusta: a 9, vertex; b } female; c t lateral; d , ventral male, 
genitalia; ecT, vertex. 

Fig. 23. Athysanella montana: a, vertex; b , female; c t male side view; <f, male 
ventral view, genitalia. 

Fig. 24. Amphipyga alta: a, vertex; b, female; c , male genitalia. 

Fig. 26. Gladionura excavata: a, vertex; b, female genitalia. 

Fig. 26. Gladionura viridia: a, head; b , female; c } lateral; d , ventral view male, 
genitalia. 

Fig. 27. Gladionura abbrevtata: a, female; b , lateral ; c , ventral view male, genitalia. 

Plate VI. 

Internal genitalia of males. 

Fig. 28. Amphipyga acuticauda : a, lateral; b, dorsal view. 

Fig. 29. Amphipyga balli: a, lateral; b, dorsal view. 

Fig. 30. Amphipyga occidental^: a , lateral; 6, dorsal view. 

Fig. 31. Amphipyga aridella: a , lateral; b , dorsal view. 

Fig. 32. Athysanella attenuata: a, lateral; b t dorsal view. 

Fig. 33. Amphipyga slylata: a, lateral; b , dorsal view. 

Fig. 34. Athysanella terebrans: o, lateral; b , dorsal view. 

Fig. 36. Athysanella extrusa: a , lateral; b, dorsal view. 

Fig. 36. Gladionura argenteola: a, lateral; b , dorsal view. 

Fig. 37. Gladionura emarginata: a, lateral; b , dorsal view. 

Fig. 38. Gladionura recurvata: a , lateral; 6, dorsal view. 

Fig. 39. Gladionura aridicola: a, lateral; b , dorsal view. 

Plate VII. 

Internal genitalia of males. 

Fig. 40. Athysanella yumana: a , lateral; 4, dorsal view. 

Fig. 41. Athysanella utahna: a, lateral; b , dorsal view. 

Fig. 42. Athysanella gardenia: a, lateral; b , dorsal view. 

Fig. 43. Gladionura sinuata: a, lateral; b, dorsal view. 

Fig. 44. Gladionura viridia: a, lateral; b , dorsal view. 

Fig. 45. Gladionura abbreviata: a, lateral; b , dorsal view. 

Fig. 46. Gladionura extensa: o, lateral; b , dorsal view. 

Fig. 47. Amphipyga alta: a , lateral; 6, doisal view. 

Fig. 48. Pectinapyga texana : a, lateral; b t dorsal view. 

Fig. 49. Amphipyga stylata var. (?): a, lateral; 6, dorsal view. 

Fig. 50. Gillettiella labiata: a, lateral; 6, dorsal view. 

Fig. 51. Gillettiella atropuncta: a t lateral; b } dorsal ”iew. 
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NEW SPECIES OF CRANE FLIES FROM SOUTH 
AMERICA. PART IV *f 

(Family Tipulidse, Order Diptera.) 

Charles P. Alexander, 

Amherst, Massachusetts. 

The majority of the species discussed at this time were 
collected in Bolivia by Mr. Schade, and in Colombia by Messrs. 
George Salt and Fred W. Walker. Fewer specimens are from 
Brazil, collected by Messrs. Davis and Shannon and from 
British Guiana, collected by Miss Alice Mackie, kindly sent to 
me by Professor Cockerell, and by Dr. John G. Myers. A 
beautiful new species of Eriocera from Brazil was contained in 
the collections of the Deutsches Entomologisches Museum 
and sent to me for naming by Dr. Walther Horn. I wish to 
express my sincere thanks to all the above entomologists for 
this kindly co-operation. Where not stated to the contrary, 
the types of the novelties are preserved in my collection. 
Only a small part of the collections made by Mr. Walker on 
Mt. Santa Marta are discussed at this time, the remainder 
being reserved, for consideration in a later article. This 
important collection is the property of the Museum of Zoology 
of the University of Michigan and was loaned to me for study 
through the kindness of Professor J. Speed Rogers. 

Limonia Meigen. 

Limonia (Limonia) splendidula sp. n. 

General coloration black, fhe body pruinose with gray and 
yellowish gray areas; halteres yellow, the knobs black; femora 
yellow, each with a conspicuous black subterminal ring; wings 
whitish hyaline, the prearcular, costal and subcostal regions 
yellow; a conspicuous dark brown reticulate pattern, dis- 
tributed chiefly in the radial and medial fields; m-cu nearly its 
own length before the fork of M. 

' ^Contribution from the Entomological Laboratory, Massachusetts Agri- 
cultural College. 

fThe preceding part^ under this general title was published in these Annals 
in 1929 (XXII: 768-788). 
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Female . — Length about 8 mm.; wing, 8 mm. 

Rostrum approximately one-half the length of the remainder of 
head, black, the palpi concolorous. Antennal scape brownish black; 
flagellum dark brown, the basal segments and incisures of the succeed- 
ing segments reddish brown; flagellar segments subglobular to short-* 
oval, the outer segments more elongate; terminal segment subequal to 
the penultimate. Anterior vertex golden-gray, the posterior vertex more 
brownish gray; a brownish spot near center of the posterior vertex. 

Pronotum brownish black, with a grayish golden pollen. Meso- 
notal praescutum with the median region dark brown, the area broad- 
ened behind by fusion with the lateral stripes; humeral region brown 
with a heavy golden-gray pollen, the latter best developed as an oval 
area behind the pseudosutural foveae; scutal lobes extensively dark 
brown or black, the median area paler; scutellum and * postnotum 
brownish black, the surface sparsely pruinose. Pleura black, the sur- 
face with a dense yellowish gray pollen, lacking on portions of the 
stemopleurite and anepistemum. Halteres yellow, the knobs black. 
Legs with the coxae and trochanters brownish black; femora yellow, 
with a conspicuous black subterminal ring; tibiae brownish yellow, the 
bases and tips blackened, the latter a little more broadly so; tarsi 
black. Wings whitish hyaline, the prearcular, costal and subcostal 
regions clearer yellow; a conspicuous dark brown pattern, arranged 
chiefly in the radial and medial fields, elsewhere appearing as narrow 
apical seams to the veins and in the axillary region; most of the areas 
are geminate, appearing as margins to pale centers that are of exactly 
the same color as the ground of the wing, the whole producing a 
reticulate appearance; veins brown, C, Sc, R and Cu more yellowish. 
Venation: Sci ending about opposite midlength of its, Sc 2 near its tip; 
R 2 and free tip of Sc 2 about in alignment; m-cu nearly its own length 
before the fork of M. 

. Abdominal tergites brownish black; stemites more grayish pruinose, 
with a narrow blackish median stripe that is nearly continuous. Ovi- 
positor with the valves reddish horn-color; tergal valves relatively 
small, gently upcurved. , 

Habitat: Bolivia. Holotype , $, Santa Cruz, February, 
1929 (ex Fr. Schade). 

Limonia splendidula is allied to L . (L.) elegantula (Alex- 
ander) of Colombia, differing especially in the coloration of the 
wings and legs. 

Limonia (Limonia) sanctae-martae sp. n. 

General coloration yellow; mesonotal praescutum with a 
broad dark brown median stripe ; femora blackened at bases and 
just before tips; wings yellow with a restricted dark brown 
pattern; stigma and an extensive clouding in cell R 8 paler 
brown; Sc long; Rs angulated and spurred at origin; outer 
abdominal tergites bicolorous, the stemites yellow. 
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Female. — Length about 9 mm.; wing, 11 mm. 

Rostrum and palpi black. Antennae with the basal segment black, 
flagellar segments oval, pale brown, the verticils exceeding the segments. 
Head brownish black, the anterior vertex more grayish, reduced to a 
narrow strip. 

Pronotum dark brown medially, light yellow laterally. Mesonotal 
praescutum yellow with a broad dark brown median stripe that extends 
to the suture; scutum obscure brownish yellow, the mesal edge of each 
lobe dark brown; scutellum and postnotum dark brown, the surface 
weakly pruinose. Pleura, including the pleurotergite, uniformly pale 
yellow. Halteres pale yellow, the knobs weakly infuscated. Legs with 
the coxae and trochanters yellow; femora broadly blackened basally, 
thence paling to brownish yellow, at near apex again broadly blackened, 
preceded by a vague brighter yellow ring; extreme tips of femora and 
bases of .tibiae whitened; remainder of tibiae brown, the tips somewhat 
darker; tarsi black, the terminal segments broken. Wings yellow, 
clearer yellow in the costal region, with longitudinal pale streaks in 
cells R, M and Cu; a restricted dark brown pattern, appearing as 
narrow seams at origin of Rs, fork of Sc, cord, outer end of cell 1st Afj, 
fork of Ri and as narrow seams back from the margin of all longitudinal 
veins; stigma paler brown, delimited at outer end by the dark seam at 
fork of J?i/ cell Ra and caudal portion of R 2 suffused with pale brown; 
veins pale yellow, dark brown in the infuscated areas. Venation: 
Sc long, Sc 1 ending about opposite two-thirds the length of Rs, Sc 2 
at its tip; Rs long, angulated and weakly spurred at origin; inner end 
of cell Ra lying considerably proximad of cell inner end of cell 1st Ms 
pointed; m-cu shortly before the fork of M. 

Abdominal tergites bicolorous, the bases yellow, the apices brown, 
the basal segments more uniformly darkened; stemites yellow. Ovi- 
positor with the tergal valves relatively small and slender, gently 
upcurved; sternal valves stout and straight, reddish horn-color, black- 
ened at base. 

Habitat: Colombia. Holotype, 9, La Cumbre, Mt. Santa 
Marta, in open clearing, altitude 7,500 feet, August 8, 1926 
(F. W. Walker). Type to bfe preserved in the Museum of 
Zoology, University of Michigan. 

Limonia sanctce-martce is very distinct from all described 
regional species. 

Limonia (Dicranomyia) boliviana sp. n. 

Allied to the Mexican L. ( D .) filicauda (Alexander), differing 
especially in the details of structure of the male hypojiygium. 

Male. — Length atout 7 mm.; wing, 7.2 mm. 

Rostrum and palpi black. Antennas with the scape obscure yellow, 
the flagellum black. Head light gray. 
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Pronotum yellow. Mesonotal praescutum brownish gray, with 
three darker brown stripes, the lateral pair less distinct; scutal lobes 
and scutellum dark, with a narrow pale median vitta; postnotum 
dark, sparsely pruinose. Pleura gray. Hal teres very long and slender, 
as in the group, pale, the knobs infuscated. Legs with the coxae and 
trochanters yellow; femora yellowish brown, the tibiae and tarsi passing 
through dark brown to black. Wings suffused with brown, the oval 
stigma slightly darker brown; veins brown. Venation: Sc\ ending 
opposite the origin of Rs, Set some distance from its tip, Sci alone 
being about two-thirds Rs; m-cu close to fork of M, subequal to the 
distal section of Cu\. 

Abdomen dark brown, the basal stemites slightly paler. Male 
hypopygium with the caudal margin transverse or nearly so, with 
numerous setae, including two more powerful setae on either side of the 
median line close to the margin. Basistyle with very complex orn- 
amentation, as in filicauda, including a long pale fleshy lobe. Dorsal 
dististyle a very slender, nearly straight rod. Ventral dististyle with 
the rostral prolongation long and conspicuous, the two rostral spines 
subequal in length, closely appressed to the prolongation; a conspicuous 
hairy oval lobe at the axil of the prolongation. 

Habitat: Bolivia. Ilolotype, d\ Santa Cruz, February, 
1929 (ex Fr. Schade). 

The much longer filiform lobes of the hypopygium in 
filicauda seem to be borne by the tergite rather than by the 
basistyle, as is the case in boliviano. 

Limonia (Geranomyia) bahiensis sp. n. 

Rostrum and antennae entirely black; mesonotal praescutum 
with three narrow brown stripes, the median one darker; knobs 
of halteres black; femora with the tips broadly yellow, enclosing 
a narrow dark brown subterminal ring; wings grayish yellow, 
with a sparse brown pattern; Sci extending a short distance 
beyond origin of Rs; male hypopygium with caudal margin 
of the tergite very gently emarginate; rostral spines subequal 
in length, arising from slightly unequal basal tubercles, placed 
on the face of the rostral prolongation at base. 

Male . — Length (excluding rostrum) about 5.5 mm.; wing, 6.5 mm.; 
rostrum about 2.5 mm. 

Rostrum and palpi black. Antennae black throughout. Head 
yellowish gray with two narrow black lines on the vertex that enclose a 
narrower median area of the ground-color. 

Mesonotal praescutum obscure ochreous, with three narrow brown 
stripes, the median stripe darker brown, the lateral stripes more reddish 
brown, palter behind; lateral margins of praescutum likewise slightly 
darkened; scutum pale brown, the cephalic and mesal portions of each 
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lobe narrowly darker brown; scutellum and postnotum pale, vaguely 
marked with darker. Pleura obscure yellow, the anepistemum and 
dorsopleural region slightly darker. Halteres dark brown, the stem 
chiefly pale yellow. Legs obscure yellow, the fore coxae a trifle darkened; 
femora obscure brownish yellow, the tip broadly pale yellow, enclosing 
a narrow dark brown ring that is a little wider than the yellow apical 
portion beyond; tibiae obscure yellow, the tips narrowly browni sh 
black; basitarsi obscure yellow, the outer tarsal segments dark brown. 
Wings grayish yellow, the costal region in cells C and Sc brighter yellow; 
a sparse brown pattern, arranged as follows: A subcostal series of 
three areas, the last a common spot that includes the tip of Sc and the 
origin of Rs; stigma small; conspicuous pale brown seams and clouds 
along cord, outer end of cell 1st Mt and as marginal seams on the Anal 
veins; veins pale brown, Sc, R and Cu chiefly yellowish. Venation: 
A supernumerary crossvein in cell Sc at near midlength; Sci ending 
shortly beyond origin of Rs, Sc* at its tip; Rs weakly angulated at 
origin; m-cu shortly before the fork of M. 

Abdomen brown. Male hypopygium with the tergite transverse, 
the caudal margin only weakly emarginate, the low lateral lobes densely 
setiferous. Dorsal dististyle widest at near midlength, somewhat 
angularly bent, gradually narrowed to a long acute point. Ventral 
dististyle large and fleshy, the rostral prolongation long and slender, 
yellow, with the two rostral spines arising on the side at the base, 
subequal in length from slightly unequal basal tubercles. Gonapophyses 
with the mesal apical lobe entirely pale, long, slender, narrowed gradually 
to nearly acute points. 

Habitat: Brazil. Holotype, d\ Bahia, stream-pool, March, 
1929 (Davis and Shannon). 

The present fly is allied to Neotropical species like L. (G.) 
inaequituberculata Alexander (Paraguay) and L. (G.) platensis 
Alexander (Argentina), differing from all known species in the 
details of structure of the male hypopygium. 

Limonia (Geranomyia) guianensis sp. n. 

General coloration of mesonotum reddish, with three narrow 
dark brown stripes, the interspaces more silvery; antennal 
flagellum yellowish brown ; legs yellow, the femora with a vague 
dark subterminal ring; wings yellow, sparsely variegated with 
brown; Sc relatively short; cell 1st Mi longer than any of the 
veins beyond it; male hypopygium with the ventral dististyle 
large and fleshy, the spines arising from the face of style at 
base of the prolongation; mesal apical lobe of gonapophysis 
darkened, spinous. * 

Male . — Length (excluding rostrum) about 4 mm.; wing, 4.6 mm.; 
rostrum about 1.9 mm. 
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Rostrum relatively short, black, the tips of the labial palpi obscure 
yellow. Antennae with the scape black, the flagellum yellowish brown; 
basal flagellar segments short-oval, the outer ones more elongate. 
Head silvery gray, the posterior vertex with two conspicuous black 
areas that enclose a narrower linear strip of the ground-color; anterior 
vertex narrow, more yellowish white. 

Mesonotal praescutum reddish gray, with three narrow dark brown 
stripes, the interspaces more silvery gray; lateral margins of praescutum 
broadly but vaguely darkened; median region of scutum whitish, the 
lobes darkened, especially their mesal margin; scutellum weakly 
darkened, narrowly pale medially at base; postnotal mediotergite 
brownish testaceous with a capillary impressed median line. Pleura 
chiefly plumbeous, the dorsal pleural region and pteropleurite paler. 
Halteres yellow, the knobs weakly darkened. Legs with the coxae and 
trochanters yellow; femora obscure yellow with a vague diffuse darker 
subterminal ring that is wider than the pale apex; a narrow subobsolete 
yellow ring before the darkened annulus; tibiae and tarsi obscure yellow, 
the latter passing into dark brown at tips. Wings with a yellow ground- 
color, the prearcular and costal regions brighter yellow; a restricted 
dark pattern, including four subcostal areas, the first just beyond h y 
the second at the supernumerary crossvein, the third a common area at 
origin of Rs and fork of Sc } the last stigmal; wing-apex broadly but 
vaguely darkened; narrow. paler seams along cord, outer end of cell 
1st M 2 and along vein 2nd A; veins pale yellow, darker in the infuscated 
areas. Venation: Sc short, Sc\ ending just beyond origin of Rs, Sc 2 
at its tip; Rs weakly angulated at origin; cell 1st M* longer than any of 
the veins beyond it; m-cu close to the fork of M. 

Abdomen brownish yellow, the segments more darkened basally; 
subterminal segments more uniformly infuscated; hypopygium chiefly 
brownish yellow. Male hypopygium with the ninth tergite transverse, 
the caudal margin with a conspicuous U-shaped median notch. Ventral 
dististyle very large and fleshy, exceeding twice the size of the basistyle 
and its lobe; rostral prolongation slender, the spines arising from the 
face of the style at its base; spines slightly unequal, arising from con- 
spicuous subequal basal tubercles. Dorsal dististyle a strongly curved 
sickle. Gonapophyses with the mesal apical lobe a relatively short 
dusky spine, narrowed to the acute tip. 

Habitat: British Guiana. Holotype , d\ Koriabo, Barima 
River, May 5, 1929 (J. G. Myers). 

Limonia ( Geranomyia ) guianensis is closest to L. (G.) 
scolopax (Alexander), differing in the diagnostic features listed 
above. 


Limonia (Geranomyia) marthae sp. n. 

General coloration gray, the praescutum more brownish 
gray, with three narrow black lines; rostrum about as long as 
the combined head and thorax; femora paling to yellow at 
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tips, this area enclosing a broad dark brown subterminal ring; 
wings subhyaline, with a very restricted dark pattern; a super- 
numerary crossvein in cell Sc; Sc short, Sci ending shortly 
beyond the origin of Rs ; cell 1st M 2 long; male hypopygium 
with the tergite deeply notched medially; ventral dististyle 
large and fleshy; rostral spines subequal but arising from very 
unequal basal tubercles. 

Male . — Length (excluding rostrum) about 6.5 mm.; wing, 7 mm.; 
rostrum about 2.5 mm. 

Female . — Length (excluding rostrum) about 7 mm ; wing, 7 mm,; 
rostrum about 3 mm. 

Rostrum of moderate length, as shown by the measurements, sub- 
equal to the combined head and thorax, dark brown. Antennae black 
throughout : flagellar segments oval. Head yellowish gray, the posterior 
vertex with a blackish area on either side of the midline. 

Mesonotum gray, the praescutum more brownish gray, with three 
narrow velvety black lines; scutum gray, the mesal edge with a narrow 
black line, this being a caudal prolongation of the lateral praescutal 
stripe; scutellum and postnotum clearer gray. Pleura dark gray. 
Halteres relatively short, pale, the knobs infuscated. Legs with the 
coxa? and trochanters yellow; femora brownish yellow, the apex paling 
to yellow, this enclosing a broad brown ring that is much wider than 
the yellow areas enclosing it; tibiae and tarsi brown. Wings subhyaline 
with a very sparse dark pattern, including restricted clouds at the 
supernumerary crossvein, origin of Rs and fork of Sc, the stigma and 
narrow seams along the cord and outer end of cell 1st M 2 ; wing-apex 
broadly and distinctly grayish brown; veins pale, darker in the infus- 
cated areas. Venation: Sc short, Sc\ ending just beyond the origin of 
Rs, Sc 2 at its extreme tip; a supernumerary crossvein in cell Sc; cell 
1st M 2 elongate, the second section of M w about one-fourth longer 
than the last section; m-cu close to the fork of M. 

Abdomen dark grayish brown, the caudal margins of the segments 
insensibly paler; basal stemites obscure yellow; male hypopygium dark, 
the ventral dististyle paler. Mlie hypopygium with the ninth tergite 
deeply notched medially, the lobes thus formed broadly obtuse, with 
abundant setae. Basistyle small, the ventro-mesal lobe conspicuous 
Ventral dististyle very large and fleshy, its extent three or four times 
that of the basistyle; rostral prolongation slender, arcuated, the spines 
arising from its base, one from a small basal tubercle that is about one- 
third to one-fourth the length of the spine, the other from an elongate 
tubercle that is only a little shorter than the spine itself, the actual 
spines nearly equal in length. Dorsal dististyle a strongly curved 
yellow hook. Gonapophyses with the mesal apical lobe appearing as 
a stout curved yellow point. 

Habitat: Colombia. Holotype , d\ Vista Nieve, Mt. Santa 
Marta, altitude 5,000 feet, August 6, 1925 (F. W. Walker). 
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AUotopotype, 9, August 8, 1926, at light, 4 A. M, (P. W. 
Walker). 

Type to be preserved in the Museum of Zoology, University 
of Michigan. 

Limonia ( Geranomyia ) marthce is readily told by the combina- 
tion of characters outlined above. The general coloration is 
much as in cinereinota (Alexander), but the species is more 
nearly allied to plumbeipleura (Alexander) and allied forms. 

Limonia (Geranomyia) versuta sp. n. 

General coloration gray, the praescutum with three narrow 
black stripes; halteres yellow, the knobs infuscated; femora 
brown, the tips very imperceptibly paler; wings whitish sub- 
hyaline, with a very restricted dark pattern; Sc short; male 
hypopygium with the tergite deeply notched medially; ventral 
dististyle relatively small, the rostral prolongation short and 
stout, with two spines, one arising from a stout broad-based 
tubercle. 

Male. — Length (excluding rostrum) about 5.5 mm.; wing, 7 mm.; 
rostrum about 2.8 mm. 

Rostrum and palpi black. Antennae dark brown; flagellar segments 
short-oval, with inconspicuous verticils. Head gray, the posterior 
vertex with a narrow black line on either side of the median vitta. 

Pronotum brownish gray, with a median and lateral black stripes. 
Mesonotal praescutum gray with a faint brown tinge, with three narrow 
black stripes; posterior sclerites of mesonotum gray, the mesal edge 
of each scutal lobe with a narrow black line, this being a backward 
continuation of the lateral praescutal stripe. Pleura brownish gray, 
the dorsal stemopleurite somewhat paler. Halteres yellow, the knobs 
infuscated. Legs with the coxae yellowish testaceous, the fore coxae 
more infuscated; trochanters yellowish testaceous; femora obscure 
yellow at base, soon passing into dark brown, the tips very imper- 
ceptibly paler; tibiae brown, the ‘tips passing into black; tarsi black. 
Wings whitish subhyaline, with a very restricted dark pattern; stigma 
very pale brown; restricted slightly darker brown clouds at the super- 
numerary crossvein, tip of Sc and origin of Rs, and as very vague 
clouds along the cord, outer end of cell 1st M* and at ends of longitudinal 
veins; veins yellow, somewhat darker in the infuscated areas. Venation: 
Sc short, Sci ending before origin of Rs, Sc* at its tip; a supernumerary 
crossvein in cell Sc at near midlength; distal section of Rt arcuated 
just beyond origin; cell 1st Mi about as long as the longest vein beyond 
it; m-cu just before the fork of M. 

Abdominal tergites dark brown, the basal stemites pale yellow; 
hypopygium dark. Male hypopygium with the tergite deeply notched 
medially, 'the conspicuous lateral lobes bluntly rounded, provided with 
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coarse setae. Basistyle with the ventro-mesal lobe conspicuous, with 
long setae. Ventral dististyle relatively small, not exceeding twice the 
size of the basistyle; rostral prolongation very short and stout, with 
two spines, one arising from a stout basal tubercle whose base occupies 
about one-half the total length of the prolongation; second spine sessile 
or from a very inconspicuous tubercle, situated at the base of the first. 
Gonapophyses with the mesal apical lobe appearing as a flattened 
blade. , 

Habitat: Colombia. Holotype, d\ Vista Nieve, Mt. Santa 
Marta, altitude 5,000 feet, August 8, 1926 (F. W. Walker). 
Type to be preserved in the Museum of Zoology, University of 
Michigan. 

The general appearance of Limonia ( Geranomyia ) versuta is 
much like L. (G.) cinereinota (Alexander), but the fly is very 
distinct in the longer rostrum and structure of the male 
hypopygium. 

Limonia (Geranomyia) neonumenius sp n. 

General coloration of praescutum gray with three reddish 
brown stripes, the sublateral portions further darkened; femora 
yellow with a sub terminal dark brown ring; wings sandy, with 
a restricted dark pattern; Sc long, Sci ending about opposite 
midlength of Rs; male hypopygium with the rostral prolongation 
of the ventral dististyle short and stout, with two slender 
gently curved spines placed close to tip. 

Mole . — Length (excluding rostrum) about 8-8.5 mm ; wing, 8-8.5 
mm ; rostrum about 5.3-5.5 mm. 

Female . — Length (excluding rostrum) about 9 mm ; wing, 8.5 mm ; 
rostrum about 5.3 mm. 

Rostrum elongate but still shorter than in numenius , black, including 
the maxillary palpi. Antennae black throughout; flagellar segments 
cylindrical, the verticils relatively inconspicuous. Head behind black- 
ish, the anterior vertex and an equally wide line on the posterior vertex 
light gray. 

Pronotum brown, with two silvery lines. Mesonotal praescutum 
with the ground-color silvery gray, with three reddish brown stripes, 
in addition to the sublateral darkening; median stripe narrower but 
not darker than the laterals; sublateral ground stripes more yellowish 
gray; scutum with the median area silvery, the lobes darkened; scutellum 
chiefly pale, a little infuscated at base; postnotum light brown, sparsely 
pruinose. Pleura testaceous yellow or brownish yellow. Halteres 
pale, the knobs weakly infuscated. Legs with the coxae and tro- 
chanters testaceous^ or slightly tinged with green; femora yellow, the 
distal fourth brighter yellow, enclosing a narrow dark brown ring that 
is subequal to the yellow apex; tibiae obscure yellow, the tips, weakly 
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darkened; tarsi greenish yellow, j&ssing into dark brown; claws (o') 
with three long teeth. Wings with the ground-color light sandy or 
cream-color, the prearcular and costal regions clearer yellow; a restricted 
pale brown pattern, including clouds at the supernumerary crossvein, 
origin of Rs, fork of Sc, stigma and as seams along the cord and outer 
end of cell 1st Mi; veins yellow, darker in the infuscated areas, 2nd A 
dark. Venation: Sc long, 5ci ending opposite or shortly beyond mid- 
length of Rs, Set not far from its tip; a supernumerary crossvein in 
cell Sc; cell 1st Mi relatively large, approximately as long as Mj+t 
beyond it; rn-cu at or just beyond the fork of M. 

Abdominal tergites brown, vaguely variegated with paler; stemites 
more yellowish; hypopygium reddish brown. Male hypopygium with 
the tergite transverse, shallowly notched medially, the low lateral 
lobes conspicuously setiferous. Basistyle with the ventral-mesal lobe 
long. Ventral dististyle large and fleshy, the rostral prolongation short 
and stout, with two slender spines placed close to its tip; neither spine 
from basal tubercles, subequal in length, very gently curved. Gona- 
pophyses with the mesal apical lobe narrowed to a curved blackened 
spine. Aedeagus long, constricted at near midlength, the apex simple. 

Habitat: Columbia. Holotype, <?, Vista Nieve, Mt. Santa 
Marta, altitude 5000 feet, August 8, 1926, at light, 4 A. M. 
(F. W. Walker). Allotopotype, 9, August 6, 1929. Paratopo- 
type, d\ with the holotype. Type to be preserved in the 
Museum of Zoology, University of Michigan. 

Limonia ( Geranomyia ) neonumenius is closest to numenius 
(Alexander), differing in the coloration of the thorax and 
details of venation, as the larger cell 1st Mi. I have never 
seen a male of numenius. 

Limonia (Geranomyia) walked sp. n. 

Mesonotal praescutum grayish white, with two reddish 
brown stripes in addition to the darkened lateral margin; 
femora with a subterminal brown ring; wrings creamy-yellow 
with a conspicuous darker .pattern, including dark marginal 
seams on all the posterior longitudinal veins; Sc relatively long, 
Sci ending about opposite one- third the length of Rs; male 
hypopygium with the rostral prolongation of the ventral 
dististyle bearing a single very long spine from a slender basal 
tubercle. 

Male . — Length (excluding rostrum) about 6 mm.; wing, 7 mm.; 
rostrum about 3.8 mm. 

Female . — Length (excluding rostrum) about 6.5 mm. ; wring, 7.5 mm. ; 
rostrum about 4 mm. 
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Rostrum elongate, if bent backward extending about to opposite 
one-third the length of the abdomen, black, the outer ends of the 
labial palpi paler; maxillary palpi black. Antennae with the scapal 
segments black, the flagellum dark brown; flagellar segments long-oval 
to subcylindrical. Head gray, the lateral portions of the posterior 
vertex blackened, restricting the ground-color to a narrow vitta that 
is subequal in width to the anterior vertex. 

Pronotum yellow above, darkened laterally. Mesonotal praescutum 
grayish white with two reddish brown stripes, one on either side of a 
capillary median vitta; lateral margins of the sclerite more broadly 
darker brown; scutal lobes reddish brown; median region of scutum 
and the scutellum pale whitish; postnotal mediotergite grayish brown 
medially, paling to yellowish white on the sides. Pleura chiefly pale 
yellowish white. Halteres yellow, the knobs infuscated. Legs with 
the coxae and trochanters yellowish testaceous; femora brownish yellow, 
clearer yellow at outer ends, this enclosing a conspicuous dark brown 
ring that is a little more extensive than the yellow apical portion; 
tibiae and tarsi light brown, the outer tarsal segments more darkened. 
Wings creamy yellow, with a conspicuous darker pattern; prearcular 
and costal regions clearer yellow, especially cell Sc; the darkened areas 
are as follows: Base of cell Sc, at supernumerary crossvein, origin of 
Rs and fork of Sc, the two latter areas separated or barely contiguous; 
stigma; clouds along cord and outer end of cell 1st M 2 ; seams back from 
the margin on veins Rz, Af 1+2 , Mz, Mu Cu\ and the Anal veins, the 
largest on vein 1st A; veins pale, darker in the infuscated areas. Vena- 
tion: Sc of moderate length, Sc\ extending to about opposite one-third 
the length of Rs , Sco at its tip; a supernumerary crossvein in cell Sc; 
cell 1st M 2 subequal to vein M w beyond it; m-cu at fork of M. 

Abdominal tergites dark brown, the stemites obscure yellow; male 
hypopygium brownish black, excepting the conspicuous yellow ventral 
dististyles. Male hypopygium with the tergite transverse, the caudal 
margin with a broad, shallow emargination, the lateral lobes thus 
formed obliquely truncate. Basistyle small, the ventro-mesal lobe 
large. Ventral dististyle large and fleshy, the rostral prolongation 
slender, shortly before tip with an elongate basal tubercle that bears 
a single long curved spine; thf* tubercle alone is about one-half the 
length of the dorsal dististyle, while the spine is fully one-half longer 
than this dististyle. Dorsal dististyle nearly straight on basal two- 
thirds, thence curved to the tip. Gonapophyses with the mesal apical 
angle appearing as a very long and nearly straight spine. Aedeagus at 
tip with two divergent flaps. 

Habitat: Colombia, Brazil. Holotype , d\ Vista Nieve, 
Mt. Santa Marta, altitude 5000 feet, August 8, 1926 (F. W. 
Walker). Allotopotype , 9, August 0, 1926. Paratopotypes , 5 
d* 9 , August 6-8, 1926. Paratype , cf Jaragu&, S&nta Catharine, 
Brazil, August 24f, 1929 (F. Schade). 

Type to be preserved in the Museum of Zoology, University 
of Michigan. 
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Limonia ( Geranomyia ) walkeri is named in honor of the 
collector, Mr. Fred W. Walker, who has collected numerous 
Tipulidae in Colombia. The species is very distinct from all 
described forms in the single very long spine on the rostral 
prolongation of the ventral dististyle. 


Orimarga Osten Sacken. 

Orimarga bahiana sp. n. 

Generally similar to O. punctipennis Alexander (British 
Guiana), differing especially in the details of venation. 

Female . — Length about 7 mm.; wing, 5.6 mm. 

Head light silvery gray. Mesonotal praescutum dull gray with 
four poorly defined grayish brown stripes ; scutal lobes with two similarly 
colored areas. Legs pale yellow. Wings brownish yellow, the outer 
ends of the radial cells darker; small but conspicuous brown spots at 
origin of Rs, fork of Sc, tip of Ri+t and Rt; on anterior cord, m-cu and 
at fork of M 3+4 ; veins chiefly pale, darker in the infuscated areas 
Venation: Rt shorter than Ri+t, straight, not angulated and spurred as 
in punctipennis; basal section of R 6 long and conspicuously arcuated, 
not short and straight as in punctipennis. Abdomen brownish black. 

Habitat: Brazil. Holotype, $, Bahia, May 1929 (R. C. 
Shannon). 


Diotrepha Osten Sacken. 

Diotrepha myersiana sp. n. 

Generally similar and closely allied to D.fumicosta Alexander, 
differing especially in the venation. 

Female . — Length about 6 mm.; wing, 4.6 mm. 

General coloration dark brown, the abdomen black, only the tergal 
valves of the ovipositor yellowish horn-color. Halteres black. Legs 
broken beyond the trochanters. Wings with a strong blackish tinge, 
more saturated along the costal margin. Venation: Sci ending shortly 
before the fork of Rs, Set a short distance from its tip, Sci alone being 
about equal to Rt; free tip of Set a little shorter than Ri beyond it; 
Rt a trifle longer than Ri before it; R i+ t elongate, exceeding the distance 
between Sc s and Rt and nearly as long as Rs. 

Habitat: British Guiana. Holotype, 9 , Koriabo, Barima 
River, May 5, 1929 (J. G. Myers). 

I take great pleasure in naming this interesting Diotrepha 
in honor erf my friend and colleague, Dr. John G. Myers. 
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Limnophila Macquart. 

Limnophila kaieturana sp. n. 

General coloration brownish gray; antennae short, black 
throughout; mesonotal praescutum brownish gray with three 
dark brown stripes; halteres pale; legs chiefly darkened; wings 
grayish with a heavy brown pattern; cell M x present; m-cu at 
near one-third the length of the relatively small cell 1st Af 2 . 

Female . — Length about 6.5— 7.5 mm.; wing, 6-7.3 mm. 

Rostrum and palpi black. Antennae black throughout, short; 
flagellar segments short-oval, becoming smaller outwardly. Head 
gray, the posterior vertex with a large dusky area on either side of the 
median line. 

Mesonotal praescutum brownish gray with three dark brown stripes, 
the median stripe broad, not reaching the suture behind; lateral stripes 
relatively short and indistinct; no tuberculate pits; pseudosutural 
foveas reduced to a blackened marginal pit; scutum brownish gray, 
the centers of the lobes dark brown; scutellum and postnotum gray. 
Pleura brownish gray. Halteres pale yellow. Legs with the coxae* 
brownish gray; trochanters yellowish brown; femora yellowish brown, 
passing into dark brown at tips; tibiae brown, the tips narrowly dark 
brown; basitarsi yellowish brown, the tips and remainder of tarsi 
dark brown. Wings grayish, the prearcular and costal regions more 
yellowish gray; a heavy brown pattern, as follows: Base of cell R; 
origin of Rs; along cord and outer end of cell 1st M 2 ; a marginal series 
at ends of all longitudinal veins; fork of Mi +2 ‘, at near midlength of cell 
R a ; near outer end of cell M\ at near midlength of cell 2nd A and in the 
axilla; veins pale, darker in the infuscated areas. Venation: Sci 
ending opposite or just beyond fork of Rs } Sc 2 at tip; R 2 subequal to or 
shorter than Ri+ 2 ] inner ends of cells Ra, Rb and 1st M 2 in nearly trans- 
verse alignment; cell M\ subequal to its petiole; cell 1st M 2 relatively 
small, m-cu at near one-third its length. 

Abdomen dark grayish bro^pi, the valves of the ovipositor blackened. 

Habitat: British Guiaha. Holotype , 9, Kaietur Falls, 

May 26, 1929 (Miss Alice Mackie). Paratopotype f 9. 

I have to thank Miss Mackie and Professor Cockerell for 
this interesting crane-fly. The species is amply distinct from 
allied regional forms in the coloration of the body and wings. 


Shannonomyia Alexander. 

§>hannonomyia austrolathraea sp. n. 

General coloration gray; mesonotal praescutum with a black 
median vitta; legs black, the tips of the femora abruptly yellow; 
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wings cream-colored, with a restricted dark brown pattern; 
vein i?2+s+4 shorter than the basal section of R 6 . 

Female . — Length about 7 mm.; wing, 7.5 mm. 

Rostrum gray; palpi black. Antennae with the scapal segments 
black; flagellum paler, the incisures vaguely obscure yellow; flagellar 
segments oval, decreasing in size outwardly. Head gray. 

Mesonotal praescutum brownish gray with a single very conspicuous 
median black vitta that extends to the suture; posterior sclerites of 
mesonotum gray Pleura gray, vaguely marked with darker. Halteres 
pale, the knobs light yellow Legs with the coxae pale yellow, sparsely 
pruinose; trochanters obscure yellow; femora black, the extreme tips 
abruptly yellow; remainder of legs black Wings cream-yellow, with 
a restricted dark brown pattern, arranged as follows: Post-arcular; 
origin of Rs; fork of Sc ; along cord, beginning at stigma, narrowly 
interrupted on M 3+4 ; tips of all longitudinal veins except Rs,. largest on 
Rs and Rt; outer end of cell 1st Ms) veins yellow, darker in the infuscated 
areas. Venation: St\ ending about opposite two-thirds the length of 
Rs, Scs at its tip; Rs long; R2+344 short to very short; cell 1st M« of 
unusual length, as in lathrcea; m-cu about two-thirds its length beyond 
the fork of M 

Abdomen brownish black, pruinose Ovipositor with the sternal 
valves blackened, the tergal valves horn-yellow, gently upcurved to 
the acute tips 

Habitat: Bolivia. Holotype, $, Santa Cruz, February 
1929 (ex Fr. Schade). 

Shannonomyia austrolathrcea is most closely allied to the 
Colombian 5. lathrcea (Alexander), differing especially in the 
coloration and details of venation. 


Eriocera Macquart. 

Eriocera flammeinota sp n. 

General coloration of body black, only the mesonotal 
praescutum and scutum fidry orange; knobs of halteres and 
legs black; wings dusky at base and apex, the central portion 
yellow, clearest and most extensive on the cephalic portion. 

Female . — Length about 23 mm.; wing, 17 mm. 

Rostrum and palpi black. Antennae brownish black throughout, 
10-segmented ( 9 ), the flagellar segments gradually decreasing in 
length and diameter outwardly. Head black, the vertical tubercle 
very shallowly notched. 

Pronotum brownish black. Mesonotal praescutum and scutum fiery 
orange; remainder of thorax black. Halteres brownish yellow, the 
knobs blackened. Legs brownish black throughout. Wings dusky at 



1930] 


Alexander: South American Tipulidce 


735 


base and apex, the central portion broadly yellow, widest along the 
costal margin, gradually narrowing posteriorly, the band not crossing 
the wing, being obscured in the marginal Anal and Cubital cells; veins 
yellow, darker in the infuscated areas. Venation: R 2 a little shorter 
than i? 2 +s; cell Mi lacking; distal section of Cui short, about two-thirds 
m-cu. 

Abdomen black, including the ovipositor, only the extreme tips of 
the valves brightened. 

Habitat: Brazil. Holotype , 9, Minas Geraes, 1897, ex 
Fruhstorfer Coll. Type in the Deutsches Entomologisches 
Museum. 

Eriocera flammeinota is very distinct from all regional 
species of the genus. 


Eriocera antennata sp. n. 

General coloration* light brown; antennae (c?) elongate, 
approximately four times the body; vertical tubercle very high; 
wings tinged with brown; a restricted darker brown pattern 
along the cord and other veins; Rs angulated and spurred at 
origin; cells R 2 and Rz subequal at margin. 

Male . — Length about 7.5 mm.; wing, 8 mm.; antenna about 30 mm. 

Rostrum very reduced, brownish yellow; palpi short, dark brown. 
Antennae (c?) approximately four times as long as body; basal segments 
obscure yellow, the outer segments passing into brown; basal four 
flagellar segments gradually increasing in length and slenderness, all 
armed with spinous setae; remaining segments abruptly shorter. Head 
testaceous yellow, the vertical tubercle very developed, subequal to 
the basal segment of scape in length and stouter. 

Mesonotum light brown, the surface very sparsely pruinose, the 
praescutum with scarcely indicated stripes. Pleura with the dorsal 
sclerites brown, the ventral ones yellow. Halteres yellow, the knobs 
infuscated. Legs with the coxae and trochanters yellowish testaceous; 
remainder of legs broken. Wings with a faint brown tinge, sparsely 
variegated with darker; stigma pale brown; origin of Rs t cord, outer 
end of cell 1st M 2i R1+2 and R 2} and tip of vein Rz narrowly seamed 
with darker brown; veins pale, dark brown in the infuscated areas, 
especially along the oblique cord. Venation: Rs much shorter than in 
macrocera } angulated and spurred at origin; 2?2+s+4 subequal to R 2 +z; 
Rz deflected strongly cephalad at end so cell R 2 is subequal to cell 
Rz at margin; veins beyond cell 1st M 2 not longer than the cell; m-cu 
at fork of M. 

Abdomen brownish yellow, the hypopygium dark brown; incisures 
appearing darkey than the ground-color. 

Habitat: Colombia. Holotype , d\ Sevilla. Deoartment of 
Magdalena, May 17, 1926 (F. W. Walker). 
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Type to be preserved in the Museum of Zoology, University 
of Michigan. 

Eriocera antennata is allied to E. macrocera Alexander 
(Brazil), differing especially in the details of venation and wing- 
pattern. 


Elephantomyia Osten Sacken. 

Elephantomyia boliviensis sp. n. 

General coloration of thorax uniform yellow; head fulvous 
yellow, the anterior vertex and posterior orbits grayish white; 
halteres yellow; legs yellow, the tibial spurs lacldng; wings 
grayish yellow, the base and costal region clearer yellow; abdom- 
inal tergites obscure yellow, with a nearly continuous brownish 
black median stripe. 

Female . — Length (excluding rostrum) about 6.5 mm. ; wing, 7.8 mm. ; 
rostrum about 6 mm. 

Rostrum nearly as long as body (in female), dark brown. Antennae 
dark brown throughout, relatively long and slender. Head fulvous 
yellow, the narrow anterior vertex and posterior orbits grayish white. 

Mesonotum and pleura uniform yellow, the surface nitidous, without 
markings. Halteres yellow. Legs with the coxae and trochanters 
yellow; remainder of legs yellow to brownish yellow; no tibial spurs. 
Wings grayish yellow, the base and costal region clearer yellow; stigma 
oval, pale brown; veins before the cord chiefly yellowish, the outer 
veins passing into brown. Venation: Sc\ ending about opposite five- 
sixths the length of Rs, at its extreme tip; branches of Rs extending 
parallel for nearly their total length, cell Ri at margin thus being approx- 
imately twice as wide as cell R t ‘, m-cu at near midlength of cell 1st M it 
about one-half longer than the distal section of Cui. 

Abdominal tergites obscure yellow, with a conspicuous brownish 
black median stripe that is almost continuous, broadest in front, more 
narrowed and interrupted on th^ posterior segments; stemites more 
uniformly yellow. * 

Habitat: Bolivia. Holotype, 9, Santa Cruz, February 
1929 (ex Fr. Schade). 

Elephantomyia boliviensis differs from E. clitellaria Alexander 
(Chile) in the coloration of the body and wings. 

Atarba Osten Sacken. 

Atarba (Atarba) boliviana sp. n. 

General coloration brownish yellow; antennae (<?) elongate; 
flagellum dark brown, the extreme proximal ends of the basal 
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segments obscure yellow; pleura infuscated; wings brownish 
yellow, the oval stigma only slightly darkened. 

Male . — Length about 4.3 mm.; wing, 5.2 mm.; antenna about 
3.8 mm. 

Rostrum obscure yellow; palpi brown. Antennae (c? 1 ) elongate, 
only a little shorter than the body; scapal segments obscure yellow; 
flagellar segments dark brown, the extreme proximal ends of the basal 
segments pale yellow to produce a vague annulated appearance. Head 
dull brownish yellow. 

Mesonotum shiny brownish yellow, without markings. Pleura 
chiefly infuscated, the ventral stemopleurite more yellowish. Halteres 
pale, the knobs infuscated. Legs with the coxae and trochanters 
obscure yellow, the fore coxae more infuscated; femora yellow, the 
extreme tips on outer face narrowly darkened; tibiae obscure yellow, 
the tips and tarsi passing into dark brown. Wings brownish yellow, 
the costal region clearer yellow; stigma oval, scarcely apparent against 
the ground-color; veins pale brown. Venation: Sci ending shortly 
beyond origin of Rs, Sc 2 a corresponding distance before this origin; 
cell 1st Mt closed; m-cu shortly beyond the fork of M. 

Abdominal tergites yellow, the caudal margins of the segments 
darkened; a dark brown ring involving segments seven, eight and 
caudal portion of six; hypopygium yellow. Male hypopygium with 
the median lobe of the stemite long and narrow, gradually widened 
outwardly, the lateral angles produced into acute pale horns. Aedeagus 
unusually long and relatively slender, gradually narrowed outwardly. 

Habitat: Bolivia. Holotype, d\ Santa Cruz, February 
1929 (ex Fr. Schade). 

Atarba boliviano is allied to A. brunneicornis Alexander 
(Colombia), differing in the details of coloration and venation. 

Atarba (Atarba) stigmosa sp. n. 

General coloration of mesonotum testaceous yellow, the 
dorso-pleural region and ^postnotum dark brown; antennae 
black; halteres yellow, the knobs infuscated; legs yellow, the 
femora narrowly tipped with brown; wings tinged with yellow, 
the stigma and a small cloud on the anterior cord dark brown ; 
abdominal tergites- dark brown. 

Female . — Length about 6 mm.; wing, 6.5 mm. 

Rostrum obscure yellow; palpi black. Antennas black throughout, 
the incisures between the first three or four flagellar segments insensibly 
paler; flagellar segments gradually decreasing in length outwardly, the 
last segment subegual to the penultimate. Head obscure yellowish 
testaceous, vaguely marked with darker. 

Mesonotum shiny testaceous yellow, without markings, the postno- 
tum dark brown. Pleura obscure yellow, with a conspicuous dark 
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brown dorsal stripe extending from the cervical region to the postnotum. 
Halteres yellow, the knobs infuscated. Legs with the coxae and tro- 
chanters yellow; femora yellow, the tips narrowly but conspicuously 
infuscated; tibiae and tarsi obscure yellow, the tips of the latter narrowly 
blackened. Wings tinged with yellow, clearer in the prearcular, costal 
and cubital regions; stigma large, dark brown, conspicuous; a restricted 
brown cloud on the anterior cord; veins light brown, slightly paler in 
the flavous areas. Venation: Sci ending opposite the origin of Rs, 
Set a short distance from its tip; Rs short, strongly arcuated; nt-cu 
at near one-third the length of the lower face of cell 1st Mt. 

Abdominal tergites dark brown; stemites variegated yellow and 
dark brown, the median region more uniformly yellow, the lateral 
portions of the segments at near midlength with a darkened area. 
Ovipositor with the genital segment testaceous yellow, the valves more 
horn-colored. 

Habitat : Bolivia. Ilolotype, 9 , Santa Cruz, February 
1929 (ex Fr. Schade). 

By my key to the American species of Atarba (Annals Ent. 
Soc. America, 19: 171 ; 1926), the present species runs to couplet 
3, disagreeing with all remaining species in the combination of 
marked wings and femora with darkened tips. 


Teucholabis Osten Sacken. 

Teucholabis (Teucholabis) salti sp. n. 

General coloration of thorax chestnut, the praescutum with 
three black stripes; thoracic pleura ochre-yellow with two 
black longitudinal stripes; halteres yellow; legs yellow, the tips 
of the femora, tibias and basitarsi blackened; wings whitish 
subhyaline, the stigma brown, the veins of the cord darkened; 
abdomen black, the segments ringed with yellow; male hypopy- 
gium with the outer dististyle a long slender rod that bears an 
acute lateral spine at midlefngth. 

Male . — Length about 5.5-6 mm.; wing, 5-5.5 mm. 

Female. — Length, 5-6 mm.; wing, 4.5-5 mm. 

Rostrum and palpi black, the former about as long as the remainder 
of head. Antennae black throughout. Head gray, more ochreous 
beneath. 

Pronotum yellow. Mesonotal praescutum chestnut, with three 
conspicuous black stripes, the lateral stripes delimiting the grpund- 
color, the humeral and lateral margins broadly light yellow; median 
stripe more or less constricted and sometimes paler behind midlength, 
not reaching the suture; scutum chiefly clfestnut, the lobes margined 
laterally with black, the median region, together with the adjacent 
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postero-median region of praescutum yellow; scutellum light yellow; 
postnotal mediotergite chestnut, the cephalic portion narrowly black* 
ened. Pleura ochre-yellow with two black longitudinal Stripes, the 
more dorsal extending from above the fore coxae, including the ane- 
pistemum, dorsal pteropleurite and pleurotergite; ventral stripe includ- 
ing the fore coxae, the ventral stemopleurite and meron. Halteres 
yellow, the knobs brighter. Legs with the coxae black, more or less 
pruinose; trochanters brown; femora, tibiae and basitarsi yellow, the 
tips broadly black; remainder of tarsi black. Wings whitish subhyaline, 
the oval stigma brown; veins brownish yellow to yellow, those com- 
prising the cord dark brown. Venation: Sc long, Sci ending opposite 
midlength of Rs, Sc* some distance from its tip, Sci alone exceeding 
one-third the length oi Rs; R a longer than Ri+t, in alignment with r-m; 
m arcuated, much longer than the basal section of Mi. 

Abdominal segments black, the caudal margins conspicuously 
ringed with yellow; hypopygium black. Sternal pocket of sixth seg- 
ment of male well-developed. Male hypopygium with the apex of 
basistyle produced into a short black spine, the base on mesal face 
with abundant delicate setulae. Outer dististyle a long slender rod, 
at apex narrowed into an acute spine; at midlength with an acute 
lateral spine. Inner dististyle blackened, the apex bispinous, the 
spinous points separated by a rounded notch. 

Habitat: Colombia. Holotype, <?, Rio Frio, Magdalena, 
December 3, 1927 (G. Salt). Allotopotype, 9, July 8, 1927 
(G. Salt). Paratopotypes, 7 c? 9, July 21-December 3, 1927 
(G. Salt), 25 c? 9, February 18-May 26, 1925 (F. W. Walker), 
2 d” d\ November 12, 1925 (F. W. Walker). Paratypes, 100 
<? 9 , Sevilla, Magdalena, November 19, 1925-June 8, 1926 
(F. W. Walker); 1 c?, Orihueca, November 13, 1925 (F. W. 
Walker). Type in author’s collection, majority of paratypes 
in the Museum of Zoology, University of Michigan. 

I take great pleasure in dedicating this interesting Teucho- 
labis to Dr. George Salt, ta#whom I am indebted for several 
Neotropical Tipulidae. By my key to the Neotropical species 
of Teucholabis (Trans. Amer. Ent. Soc., 40: 235-239; 1914), 
the present species runs to couplet 27, disagreeing with both 
included species in the- diagnostic features listed above. 


Erioptera Meigen. 

Erioptera (Empeda) boliviana sp. n. 

General coloration grayish brown; antennae brownish' black 
throughout; knobs of halteres infuscated; legs brownish black; 
wings strongly tinged with gray; Sci and 2?» unusuallv' long; 
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cell 1st M% open; male hypopygium with the outer dististyle 
elongate, very unequally bifid by a small lateral branch; gona- 
pophyses appearing as broad flattened plates. 

Male . — Length about 2.8 mm.; wing, 3.6 mm. 

Female . — Length about 3.8 mm.; wing, 4.4 mm. 

Rostrum and palpi dark brown. Antennae brownish black through- 
out; flagellar segments oval. Head brownish gray, the anterior vertex 
and narrow posterior orbits silvery-gray. 

Mesonotum dark grayish brown, the pleura more pruinose. Halteres 
pale, the knobs infuscated. Legs with the coxae and trochanters pale 
yellow; remainder of legs brown, covered by still darker hairs, the outer 
segments black. Wings with a strong grayish suffusion, the oval stigma 
more brownish gray; veins brown, the macrotrichia brownish black. 
Macrotrichia relatively long and conspicuous. Venation: Sci ending 
about opposite one-fourth the length of Rs , Sci exactly opposite this 
origin, Sci thus being of unusual length; R 2 a little shorter than JR 2 + 3 + 4 ; 
vein and cell Rz of unusual length, both exceeding the petiole of the 
cell; cell 1st M 2 open; m-cu close to fork of M. 

Abdomen dark brown, the stemites somewhat more yellowish 
brown. Male hypopygium relatively small. Outer dististyle elongate, 
with a very reduced lateral branch. Inner dististyle short and straight 
Gonapophyses appearing as broad flattened plates. 

Habitat: Bolivia. Holotype , d\ Santa Cruz, February 
1929 (ex Fr. Schade). 

Erioptera (. Empeda ) boliviano is very distinct from the 
remaining Neotropical species, none of which has been taken 
from farther south than Central America. 



THE GROWTH AND DEVELOPMENT OF EPHBSTIA 
KUEHNIELLA ZELLER (LEPIDOPTERA) AND TRI- 
BOLIUM CONFUSXJM DUVAL (COLEOPTERA) 
UNDER CONTROLLED CONDITIONS OF 
TEMPERATURE AND RELATIVE 

HUMIDITY.* 

Tom A. Brindley, 

Iowa State College, Ames, Iowa 

Introduction. 

The confused flour beetle ( Tribolium confusum Duval) and 
the Mediterranean flour moth ( Ephestia kuehniella Zeller) have 
long been recorded as serious pests of stored grain products 
(Riley 1889, Chittenden 1896). In recent years they have 
served as very valuable material for laboratory experiments 
on insect nutrition (Chapman 1924, Richardson 1926). In 
spite of the economic and scientific importance of these two 
insects the writer could find little detailed information on their 
growth and development under carefully controlled conditions 
of temperature and relative humidity, on a normal whole wheat 
diet. 

The writer wishes to express his gratitude to Dr. C. H. 
Richardson, under whose direction the work was done, for his 
kindly aid and helpful criticism. 

Methods of Procedure. 

All the experiments carried out in this study were made 
under controlled conditions at temperature and relative humid- 
ity. A temperature of approximately 30° C. (Actually 29.7° 
* 0.1° C. by a standard thermometer) and a relative humidity 
of 73% were used. 

The humidity within the box was maintained between 60% 
and 70% by pans filled with a saturated solution of sodium 
chloride placed directly in front of the air currents ftom an 
electric' fan. Flour under these conditions contains approxi- 
mately 11.5% of moisture (Bailey 1920). All detailed studies 

•Contribution of thi Zoology and Entomology Department of Iowa State 
College. 
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were made in battery jar humidity chambers containing 
saturated sodium chloride solutions to insure a constant humid- 
ity of 73%. These jars were aerated at least once daily. 

The light within the box was practically the same as that 
of the laboratory room. 

Larvae of Ephestia kuehniella for experimental purposes were 
reared in wide mouthed bottles 70 mm. high and 20 mm. 
wide at the base. The bottles were stoppered with cotton. 
Twenty larvae were placed on approximately five grams of 
flour to guard against disease and to prevent abnormal develop- 
ment due to over crowding. Stock cultures of TriboUum con- 
fusum were maintained in battery jars 25 cm. high and 15 cm. 
wide. 


Part I. Ephestia kuehniella. 

The Adult of Ephestia kuehniella. 

Under laboratory conditions the emergence of the moths 
was not confined to any particular time of day. Newly emerged 
moths were observed in the cultures at all times. After emer- 
gence the female remains quiet with the tip of her abdomen 
raised well above the level of her body with her ovipositor 
protruding two to four millimeters. Virgin females have been 
observed to remain in this position until they were about to 
die. 

Under normal conditions both sexes remain quiet during 
the day. Copulation takes place after midnight on the day of 
emergence. The moths separate the following morning. The 
length of the union was found to vary from four to six hours 
on ten pairs studied. . Several pairs were observed to remain 
united for a longer time than this but in these cases both 
sexes died without separating. 

The adults of this species are rather short lived. The 
average length of life for fifty pairs known to have mated was 
6 days for the females and 7 days for the males. The maximum 
was 10 days for the females and 11 for the males, the minimum 
was 3 days for both sexes. Unfertilized moths were found to 
live somewhat longer. The average for 20 males was 11 days 
and for 20 females 10 days. The maximum length of life for 
both sexes was 15 days, the minimum 6 days. 
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The average weight for the adults reared under the. con- 
ditions used in this study was 11.5 mg. for the males and 
15.7 mg. for the females. Table I gives a summary of the adult 
weights. 


TABLE I. 

Weight of the Adults of Ephcstia kuehniella. 


Number Weighed 

Weight of Each Sex 


Males 

Females 


Minimum 

10.4 mg. 

12.2 mg. 

150 of each sex 

Maximum 

12 7 

17.0 

Average 

11 5 

15.7 


Standard 

Deviation 

0.0 mg. 

1.5 mg. 


OVIPOSITION. 

Under natural conditions egg laying begins the night follow- 
ing mating. Twenty-five mated females kept in the dark 
began to oviposit in from six to nine hours. The eggs are laid 
singly or in masses scattered irregularly over the surface cm 
which they are laid. The number laid by fifty pairs known to 
have copulated ranged from 25 to 352 with an average of 167. 
Table II shows the average laid per day. 


TABLE II. 

Average Number of Eggs Laid per Day by 50 Ephestia kuehniella. 


Day 

1st 

2nd 






8th 

Number of Eggs 

64 

50 

21 

15 

i 



B 


Twelve females from the fifty known to have copulated 
did not lay fertile eggs. In these cases oviposition did not 
begin at once but was delayed from five to six days. The 
number of eggs laid by these moths varied from none up to as 
high as a hundred for each individual. . 

Moths reared at 30° C. and 73% relative humidity showed 
a marked degree of sterility. Whether this sterility was*due to 
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the temperature or the humidity or some other factor was not 
determined. Measurements in length of the moths showed 
them to be normal when compared with those reared under 
fluctuating room conditions. 

The egg of Ephestia kuehniella is elongate oval in form. 
When first laid they are pearly white and slightly iridescent. 
Just before hatching the egg turns light yellow in color due to 
the development of the embryo which can be seen through the 
shell of the egg at this time. In length it measures on the 
average 0.58 mm. and in width 0.33 mm. Table III shows the 
size of the egg. 


TABLE III. 


The Size of the Eggs of Ephestia kuehniella . 


No. of Eggs 
Measured 

Size 

Length 

Width 


Minimum 

0 53 mm. 

0 28 mm. 

50 

Maximum 

.64 

.37 

Average 

.58 

33 


Standard 

Deviation 

0 02 mm. 

0 02 mm. 


The mean weight of a single egg from fifteen group weigh- 
ings of one hundred eggs each was 0.023 mg. Table IV gives 
the weights of fifteen hundred eggs. 


TABLE IV. 

The Weight of the Eggs of Ephestia kuehniella . 


Number 
of Eggs 
Weighed 

Weight of a Single Egg 

Minimum 

Maximum 

Average 

Standard 

Deviation 

| 


0 025 mg. 

0.023 mg. 

0.005 mg. 


The eggs hatch in ninety-six hours at 30° C. and 73% 
relative humidity (Decker and Melvin 1929). 
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The Larva. 

The larva of Ephestia kuehniella immediately after hatching 
averages 0.866 mm. in length and averages 0.199 mm. in width 
across the head capsule. At this time they weigh 0.018 mg. 
The newly emerged larvae are cream colored and sparsely 
covered with long hairs. In general appearance they remain 
the same throughout their development except for a slight 
variation in color before and after each molt. At this time the 
color varies from a flesh color immediately after molting to a 
yellowish white just before a molt. Table V gives the weight, 
length, and head capsule measurements by instars. 


TABLE V. 

The Weight, Length, and Head Capsule Width of Ephestia kuehniella. 




Head Capsule Width* 

Length f 



Instar 

Age 

Average 

Standard 

Deviation 

Average 

Standard 

Deviation 

WeightJ 

1 

0 days 

0.199mm. 

0.013 mm. 

0.87mm. 

0.09 mm. 

0.018 mg. (50) 

1 

4 days 

.199 

.013 

1.55 

.15 

.040 

(40) 

2 

8 days 

.266 

.016 

2.38 

.18 

.200 

(35) 

3 

12 days 

.340 

.018 

4.16 

.29 

1.03 

(25) 

4 

16 days 

.577 

.035 

6.3 

..50 

3.14 

(10) 

5 

20 days 

.821 

.030 

8.5 

.43 

8.40 

(10) 

6 

24 days 

1.110 

.032 

12.6 

.78 

27.80 

(10) 


*100 individuals used. 

t 25 individuals used. 

jNumber weighed indicated in parentheses. 

The measurements in this table were made just preceding a 
molt and therefore represent the maximum size attained during 
the instar represented. 

After the larva has reached maturity it crawls to the surface 
of the material within which it has been feeding and spins a 
cocoon of silk intermingled with particles of meal and flour 
within which it 'pupates. 
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The Pupa. 

Immediately after pupation the pupa is of a pale green 
color. This soon changes into a reddish brown on the dorsal 
side of the thorax and shades into a brownish yellow on the 
ventral surface. The average length of the pupa is 9 mm. 
and the average width in the thoracic region is 2.21 mm. 
Table VI shows the size of the pupa. 


TABLE VI. 

Size of the Pupa of Ephestia kuehniella. 


Number of Pupa 
Measured 

Size 

Length 

Width 


Minimum 

8 5 mm. 

2.04 mm. 

25 

Maximum 

10 0 

2.29 

Average 

9 0 

2 21 


Standard 

Deviation 

0 51 mm. 

0 08 mm. 


The Life Cycle. 

The following determinations on the life cycle of Ephestia 
kuehniella were made on one hundred individuals reared from 
the egg to the adult stage. 

The Egg . — The hatching period of the egg was determined 
by placing eggs, the age of which was known within two hours, 
in a shell vial 60 mm. high and 12 mm. wide. This vial was 
then placed in a larger one 76 mm. high and 16 mm. wide which 
was filled to a depth of approximately 15 mm. with a saturated 
solution of sodium chloride 1 . The larger of the two vials were 
stoppered with corks. These humidity tubes were aerated 
daily in order to insure a fresh supply of air. When the approxi- 
mate hatching day was reached the eggs were examined every 
two hours until the last larvae had hatched. The average time 
for the eggs to hatch under these conditions was 96 hours, 
(Decker and Melvin, 1929). 

The Larva . — The newly hatched larvae were placed on a 
small amount of finely-ground whole wheat flour in a shell vial 
60 mm- high and 20 mm. wide. These vials were placed in a 
large battery jar partially filled with a saturated solution of 
sodium chloride. These jars were equipped with close-fitting 
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tops in order to maintain the proper humidity. With this 
technique the larvae could be kept, with the exception of very 
short periods each day during which they were examined, under 
very close conditions of temperature and relative humidity. 

Bach larva was examined daily in order to determine the 
number and the length of the instars. The larvae of this 
species proved somewhat difficult to handle due to its habit of 
spinning a tube of silk about it as it feeds. This habit made it 
necessary to carefully remove the larva from its feeding tube 
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with dissecting needles for each examination. These exami- 
nations appeared to have Ijttle effect upon the length of the 
life cycle of this species. The total length of the life cycle 
of those larvae which were examined daily was one day less than 
the length of the life cycle of those which remained undisturbed 

Under these conditions the larva of Ephestia kuehniella was 
found to have five molts up to the time of pupation. The 
total length of the life cycle from the laying of the egg to the 
emergence of the adult was found to be 41 days with a standard 
deviation of 2.4 days. 

The Pupa . — Reared under the conditions described above 
the average length of the pupal stage was 8 days. Chart 1 and 
Table VII give a summary of the length of the various stages 
in the development of this species ! 
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TABLE VII. 

Table Showing the Length op the Stadia of Ephestia kuehniella. 



Length of the Stages* 

Stage 

Minimum 

Maximum 

Average 

Standard 

Deviation 

Egg 

4 days 

4 days 

4 days 

0.00 days 

1st Instar 

5 

7 

6 

78 

2nd Instar 

3 

5 

4 

28 

3rd Instar 

4 

5 

4 

22 

4th Instar 

3 

6 

4 

33 

5th Instar 

4 

6 

4 

48 

6th Instar 

5 

12 

7 

1 50 

Pupa 

7 

10 

8 

70 


*A11 figures are from daily observations on 100 individuals. 


TABLE VIII. 


Summary of the Development of Ephestia kuehmella by Weight. 


Age of 

Number 

Average 

Standard 

Larvae 

Weighed! 

Weight 

Deviation 

0 days 

400 

0 018 mg. 

0 002 mg 

3 

160 

045 

016 

6 

140 

087 


9 

100 

_ i 

.185 

027 

12 

' 100 

560 

087 

15 

60 

1.420 

270 

1 " 

18 

40 

3.345 

330 

21 



40 

7 437 

1 38 

24 

40 

15 050 

2 99 

27 

40 

23 762 

2 52 

30 

40 

20 485 

2 25 # 


f These figures indicate the number weighed in four group weighings. 
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Weight Study. 

The development of Ephestia kuehniella by weight was 
followed by making careful weighings at three day intervals 
during the entire period of larval development. Table VIII 
gives a summary of the number of larvae weighed, their age, 
and their average weight. 







The larvae used in this study were reared in wide mouthed 
bottles previously described They were removed from their 
silken feeding tubes by jaeans of two dissecting needles and 
were brushed free of flour dust before being weighed The 
weights taken were made on groups varying from one hundred 
of the newly hatched larvae to ten of the more fully developed 
individuals Chart 3 shows graphically the actual weight 
increase. This “S” shaped curve resembles those plotted by 
Yagi (1926) in his study of the growth curves of Bombyx mori 
and Dixippus morosus, and those of Herms (1907) on LuciUa 
caesar and Sarcophaga sarracemce. 
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Part II. Tribolium confusum Duval. 

The Adult. 

The adults of Tribolium confusum are small reddish brown 
beetles measuring on the average 3.4 mm. in length and 1.02 mm. 
in width through the thoracic region. 

TABLE IX. 


Size of the Adults of Tribolium confusum . 


Number of Beetles 

Size 

Length 

Width 


Minimum 

3 15 mm. 

0 85 mm. 

50 of each sex 

Maximum 

3 83 

1 11 

Average 

3 40 

1 02 



Standard 

Deviation 

0 14 mm. 

0 05 mm. 


Immediately after emergence the average weight for the 
males was 1.48 mg. and for the females 1.78 mg. A summary 
of these weights is given in Table X. 


TABLE X. 

Weight of the Adults of Tribolium confusum. 


Number of Beetles 

Weight 

Males 

Females 


Minimum 

1 40 mg 

1 74 mg. 

80 of each sex 

: 

■ 

Maximum 

1 55 

1 88 

Average 1 

1 48 

1 78 


Standard 
Deviation # 

0 06 mg. 

0 06 mg. 


The beetles mate soon after emergence and begin to lay 
almost at once. Out of twenty pairs mated eleven laid fertile 
eggs the following day and the remainder were all laying by 
the end of the fifth day. A study of the exact number of eggs 
laid is very difficult because they are not easily located in 
the finely ground flour. Ten pairs of newly emerged adults 
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were placed on a small amount of flour in shell vials 60 mm. 
high and 20 mm. wide in order to obtain an indication of the 
number of eggs laid by the number of larvae produced. The 
pairs were placed on a fresh quantity of flour each day after 
which the flour from which the beetles had been removed was 
incubated ten days. At the end of this period the larvae were 
removed and counted. It was found necessary to place the 
adults on a fresh quantity of flour each day because of their 
cannibalistic nature. The number of living larvae at the end 
of ten days for a ten day period is summarized in Table XI. 


TABLE XI. 

Number of Larvae Reared per Day from the Eggs of Tribolium confusum. 


No, OF 
Pairs 

No. OF 
Larvae 

Day 

D 



n 

5 

6 

7 

8 

9 

10 


Minimum 

5 

8 

8 

9 

10 

4 

10 

8 

9 

9 

10 

Maximum 

13 

16 

14 

12 

12 

15 

18 

18 

16 

18 


Average 

9 

10 

11 

13 

10 

11 

13 

14 

13 

14 


These figures are somewhat higher than those offered by 
Chapman (1918). The lower figures of Chapman were no 
doubt due to the destruction of eggs and young larvae by the 
adult beetles. 

The duration of the egg laying period has not been deter- 
mined, but pairs in breeding jars were still laying fertile eggs 
at the end of six months.# 

The sex of the beetles used in this study was determined 
during the pupal stage by specific characters on the genital 
segment (Chapman 1918). It was impossible to find any 
character by which the beetles could be separated during the 
adult stage. The sex ratio from a study of 500 individuals was 
46% males and 54% females. 

The adults of this species are long lived. Out of 40 unmated 
beetles reared from pupae, only one female had died at the end 
of 34 weeks. The newly emerged beetles are very resistant 
to starvation. ^Twenty beetles reared from pupae lived 12 days 
without any food except their dried pupal skins. 
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The Egg. 

For experimental purposes the eggs of this species were 
obtained by placing several hundred adult beetles on a quantity 
of flour, that could be sifted through a 5XX bolting cloth. 


TABLE XII. 

Size of the Eggs of Tribolium confusum. 


Number of Eggs 

Size 


Width 


Minimum 

0 62 mm. 

0 38 mm. 

25 

Maximum 

73 

47 

Average 

64 

40 



Standard 

Deviation 

0 04 mm. 

0 02 mm. 


At the end of twenty-four hours the beetles were sifted off 
with a wire screen (32 mesh per inch) after which the eggs were 
sifted off with the 5XX bolting cloth. When first laid the 
eggs are white in color and are covered with a sticky substance 
that causes particles of flour to adhere to them. This covering 


TABLE XIII. 

Larval Measurements of Tribolium confusum. 


Instar 

Age in 
Days 

Length* 

Head Capsule 
Width t 

Weight! 

Average 

Standard 

Deviation 

1 

Average 

Standard 

Deviation 

1 

0 

1.18 mm. 




0.028 mg. (100) 

2 

3 

1.64 

.11 

.22 

.03 

.035 

(75) 

3 

6 

2.38 

.08 

.29 

.01 

.119 

(50) 

4 

9 

3.23 

.20 

.40 

.01 

.332 

(35) 

5 

12 

4.00 

.44 

.53 

.04 

1.09 

(20) 

6 

15 

6.00 

.70 

.69 

.03 

2.40 

(20) 


* 80 individuals used. 
tlOO individuals used. 

(Number weighed indicated in parentheses. 
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of flour makes exact measurements of the eggs difficult. Eggs 
brushed as free from flour as possible measured 0.64 mm. in 
length and 0.40 mm. in width. 

The Larva. 

The newly hatched larvae of this species measure 1.18 mm. 
in length and 0.18 mm. in width across the head capsule. At 
this time the newly hatched individuals weigh 0.028 mg. They 
are white in color and remain so until their first molt after which 
they become a pale yellow in color. Table XIII gives the 
length, weight, and head capsule measurements for this species. 

The larva reaches maturity at the end of about eighteen 
days and then pupates in the material on which it has been 
feeding. 

The Pupa. 

Immediately after pupation the pupa is white in color. 
This color is retained through half of the pupal period after 
which the pupa turns a pale yellow finally becomes almost 
brown just before emergence of the adult. The pupa measures 
3.46 mm. in length and 1.12 mm. in width across the dorsal 
surface of the head. There is a slight difference in the size 
of the two sexes. The average for the males is 3.47 mm. for 
the length and 1.11 mm. for the width. The females average 
3.74 mm. for the length and 1.11 mm. for the width. 


table xiv. 

Pupal Measurements tor Tribolxum confusum. 


Number Measured 

Size 

Length 

Width 


Minimum 

3 23 mm 

1 02 mm. 

25 of each sex 

Maximum 

4 25 

1 19 

Average 

3 46 

1 12 


Standard 

Deviation 

0 23 mm. 

0 56 mm 


The Life Cycle. 

The technique used in working out the life cycle of Tribolium 
confusum was much the same as that used in the studies on 
Ephestia kuehniella. The following data are the Result of 
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observations and measurements made during the life cycle of 
one hundred beetles reared from the egg to the adult stage. 

The Egg . — With the technique described for Ephestia the 
incubation period of the eggs was found to be 5.5 days. 

The Larva . — The larvae of this species were reared under 
the same conditions and with the same technique as described 
for Ephestia kuehniella. The individual larvae could .easily 
be obtained for examination by pouring the grain containing 

TABLE XV. 


Length of the Stadia of Trtbohum confusum. 



Length of Stages* 

Stage 

Minimum 

Maximum 

Average 

.. . i 

Standard 

Deviation 

Egg 

5.5 days 

5.5 days 

5.5 days 

0 00 days 

1st Instar 

2 

2 

2 


2nd Instar 

2 

3 

3 

05 

3rd Instar 

2 

3 

2 5 

68 

4th Instar 

2 

3 

2 7 

55 

5th Instar 

2 

3 

2 8 

36 

6th Instar 

5 

7 

5 5 

71 

Pupa 

6 

7 

6 2 

44 


*A11 figures are from daily observations on 100 individuals. 

them upon a piece of paper. The larvae will usually remain 
fast to the paper allowing the gradin to be poured away from 
them. The length of the life cycle of this insect was little 
influenced by the handling they received. No difference could 
be noted in the emergence time of the insects which were 
handled and those which were not. Emergence studies on 425 
individuals showed a maximum variation of five days for their 
emergence time. With this technique the larvae were found to 
have five molts up to the time of pupation. The average 
length of the life cycle was 29 days. 

The Pupa . — Under the conditions described above the 
average length of the pupal stage was 6 days. Table XV and 
Chart 2 give a summary of the length of the various stages in 
the development of this species. 
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Weight Study. 

The development of Tribolium confusum was followed by 
making careful weighings at three day intervals up to the 
fifteenth day of the larval period after which daily weighings 
were made. Table XVI and Chart 4 give a summary of the 
development of this insect by weight. 
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The laxvse used in this study were reared in wide mouthed 
bottles 70 mm. high and 20 mm. wide*at the base. Each 
larva was carefully brushed free from flour before being 
weighed. The caterpillars were weighed in groups varying 
from 100 of the newly hatched larvae to 20 of the nearly mature 
individuals. 


TABLE XVI. 

Development of Tribolium confusum by Weight. 




Weight 

Age of Larvae 

No. of Larvae* 

Average 

Standard 

Deviation 

0 days 

400 

0 028 mg. 

0 006 mg. 

3 

300 

0 035 

002 

6 

200 

119 

06 

9 

140 

330 

02 

12 

80 

1 09 

07 

15 

80 

2 40 

07 

16 

80 

2 44 

07 

17 

80 

2 44 

07 

18 

80 

2 42 

02 


* These figures indicate the number weighed in four group weighings. 


Summary. 

1. The growth and development of Tribolium confusum 
and Ephestia kuehnidla was followed in four ways: 

(a) By a detailed study of the length of each instar, 

(b) By weights made at three-day periods during the period of 

larval development, 

(c) By measurements of the length of the larvae near the end of 

each instar, and 

(d) By head capsule measurements of each instar. 

2. The life history of 100 individuals of each species was 
determined under controlled conditions of 73% relative humidity 
and a temperature of 30° C. Under these conditions the larva 
of Ephestia kuehniella. was found to have five molts up to the 
time of pupation. The length of each stadium in days is as 
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follows: egg, 4; 1st instar, 6; 2nd instar, 4; 3rd instar, 4; 4th 
instar, 4; 5th instar, 4; 6th instar, 7; pupa, 8. The larva of 
TrihoKum cottfusum also passed through five molts up to the 
time of pupation. The average length of the stadia was: 
egg, 5.5; 1st instar, 2; 2nd instar, 3; 3rd instar, 3; 4th instar, 
3; 5th instar, 3; 6th instar, 6; pupa, 6. 

3. Emergence studies showed the average length of the life 
cycle of Ephestia kuehniella to be 41 days with the emergence 
scatter covering a period of 16 days. The average length of 
the life cycle of Tribolium confusum was 29 days with the 
actual emergence scatter covering a period of five days. 

4. In weight Ephestia kuehniella was found to increase from 
0.018 mg. at hatching to 23.7 mg. at the end of the period of 
larval growth. Tribolium confusum increased from 0.028 mg. 
at hatching to 2.42 mg. at the end of the larval growth period. 
Adult females of Ephestia kuehniella weighed 15.7 mg.; adult 
males 11.5 mg. Adult males of Tribolium confusum weighed 
1.48 mg.; adult females 1.78 mg. 

5. The length of the two species taken by instars showed an 
increase from 0.87 mm. to 12.6 mm. for Ephestia kuehniella and 
an increase from 1.18 mm. to 6.00 mm. for Tribolium con- 
fusum. 

6. Ephestia kuehniella was found to lay on the average of 
187 eggs over a period of eight days. Tribolium confusum 
averaged ten eggs per day but the length of the oviposition 
period was not determined. 
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HOST SELECTION AND CANNIBALISM IN THE BED BUG 
CIMEX LECTULARIUS L. 


Ezekiel Rivnay, 
Washington, D. C. 


In a paper on the tropisms of the bed bug the author (1930), 
stated that the heat is the only stimulus which attracts the 
bug to its host — man. Furthermore, he found that every 
warm object calls forth such reactions, and that these reactions 
depend upon the difference between the temperature of the 
object and that of the immediate environment of the bed bug. 
If this is true, one would expect that any warm-blooded animal 
would equally attract this creature, and that it would readily 
feed upon any host without discrimination. The discussions 
in the literature dealing with this subject tend to support this 
view for we find long lists of animals and birds upon which 
the bed bugs have been found feeding. According to Martini 
(1923), the following hosts have been recorded: Mamalia: 
Bat, cat, calf, dog, guina pig, hare, mouse, rat, monkey and 
rabbit. Aves: Duck, goose, hen, pigeon, sparrow, starling and 
swallow. Several authors believe, however, that these animals 
or birds are attacked only in emergency — when human blood 
is not obtainable, and should a human being be available, the, 
bugs would attack man rather than animal. If this assumption 
is correct, the theory advanced in the beginning regarding 
thermotropism is false — for then one would expect that some 
other stimulus present in man and lacking in other animals is 
the alluring agent. In an attempt to throw light upon this 
subject the author made a study, the results of which are given 
herewith: 

The specimens used in this study belonged to the progeny 
of females obtained from an old mattress, and from the cages 
of rodents reared in the Pharmacological laboratory of the Food, 
Drug and Insecticides Administration at Washington. Adult 
bugs were kept separately in small vials 1.5 cm. in diameter 
and 15 cm. long or in small test tubes 1 cm. in diameter and 
10 cm. long. A piece of blotting paper was placed inside 
these to orovide a foothold for the bugs and to reduce the 
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humidity. The individual bugs were labeled with Arabic 
numerals — e.g. : Female 3; male 9; etc. The progeny of a 
female, the eggs of which were laid in a period between one 
feeding and another, were labeled with the same numerals but 
an additional Roman letter was added to identify the indi- 
viduals — e.g.: 20A, 20B, etc. By this labeling method it was 
not difficult to keep records of parentage and offspring during 
the course of the study. Individual records of feeding, molting, 
mating, egg laying, etc. were kept in most cases. 

Feeding Experiments of Bugs Upon 
Warm Blooded Animals. 

Several feeding experiments were carried on wherein bugs 
collected in cages of rodents, were fed upon man and those 
collected in infested mattresses were fed upon rodents. Similar 
experiments were carried on also upon the progeny of these 
insects and extended over a period of about four months, 
including the offsprings to the fourth generation. The hosts 
upon which they were fed were rat, guina pig, cat, rabbit, 
pigeon and canary. During all this time the author never 
observed any marked tendency showing a preference of one 
host over another. Seldom did any of the bugs hesitate to 
attack any of the animals or birds. Even those that had been 
fed the day before approached them quite freely. Often a 
meal was given to one individual from two different kinds of 
hosts. Thus, to quote my notes, “On June 19, nymphs 9A 
and 9B fed part of their meal on a cat, and completed it on a 
rat; both molted June 25. &n June 25, larva IB fed part of 
her meal on a pigeon and part on a rat; she molted June 30.” 
In several cases, while handling these animals the hand of the 
author was as near to the bugs as the skin of the experiment 
animal, yet they seldom showed any preferenee to the hand. 
This was the case with all insects whether they were bugs 
reared on human blood or of those reared on animal blood. 

Summarizing the results of all the experiments throughout 
this period we fnay say that the bed bugs show no preference 
in selecting the ho^t. This is due to -the fact that heat alone, 
and nothing else, is its guiding agent to its prey. 
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The Feeding Experiment on Cold-blooded Vertebrates. 

The question might arise: If the heat radiating from the 
animal is the only guiding agent of the bug to its host, how was 
it possible for Chatton and Blanc, (1918), to feed Citnex lectu- 
larius L. upon cold-blooded reptiles, such as the gecko, chame- 
leon, Gongylus ocellatus, and even upon the amphibian Rana 
temporaria? Before explaining this, let us review first the 
experiment of those authors. Chatton and Blanc, (1918), 
placed a gecko in a narrow test tube so that it could not move, 
and also ten bugs of various ages together with it. They 
prepared twelve such tubes, five of which were placed in darkness 
at ordinary room temperatures (lot A), two were left in day- 
light at ordinary room temperatures (lot B) and the remaining 
five were placed in an incubator at 37° C. (Lot C). Half an 
hour later they were taken out and examined and the following 
were the results: 



Lor A. 

Lot B. 

Lot C. 

Temperature 

.. 19° C. 

19° C. 

37° C. 

Light condition 

.. Dark 

Light 

Dark 

Number of bugs in Exp 

.. 50 

20 

50 

Number of bugs fed 

.. 24 

12 

37 

Percentage of bugs fed 

.. 48% 

60% 

74% 


These results indicate that light conditions did not effect the 
feeding desire of the bugs or at least did not hinder their feeding. 
We see also that a greater percentage of bugs fed at a high 
temperature than at a lower one. However, these results 
apparently do not agree with the thermotactic theory given at 
the beginning of this .paper. In the first place, in the case of 
Lot A and Lot B, why did the bugs feed on the gecko at a 
temperature of 19° C. Was there a difference in the temperature 
of the gecko and that of the immediate environment of the bug? 
Then in the case with Lot C, when the temperature of the 
gecko was raised to 37° C., also the temperature of the immediate 
environment of the bugs was raised to that degree and thus 
there was apparently no heat current to stimulate the thermo- 
tactic reactions. In order to check the above results the 
author carried out the following feeding experiments: 

Adult bugs, quite hungry, were placed upon the snakes, 
Natrix sipedon and Diadophis punctatus, but they made no 
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attempt to attack these reptiles, although they were left with 
them for some time. One of the snakes was in a glass con- 
tainer and quite moist and this may have caused the negative 
attitude of the bugs, but the other snake was in a dry box and 
yet no positive reactions were observed. The same procedure 
was carried on with the lizard, Eunteces fasciatus, but they 
did not attack it. It was evident, therefore, that reptiles at 
ordinary room temperature and under natural conditions do 
not attract the bed bugs. 

I then held the lizard, Eumeces fasciatus, in my hand, and 
stretched out one of its legs against a few bed bugs. They 
attacked it. The same thing occurred when I placed a slightly 
heated forceps near one of the legs of the lizard. In these two 
cases the bugs did not succeed in piercing the skin of the lizard. 
It is clear, however, that when a reptile’s temperature is raised 
somehow above the room temperature, the bed bugs do not 
hesitate to feed upon it. 

The same lizard, Eumeces fasciatus, was used to carry on an 
experiment similar to that described by Chatton and Blanc. 
I placed it in a small vial with 5 larvae of the third instar. 
Immediately upon my placing them there, they began to attack 
the lizard and within ten minutes four of them were feeding 
on the tender skin between the toes of the hind foot. After 
twenty minutes all four were engorged with the blood of the 
lizard. The fifth one made several futile attempts to pierce 
the skin of the lizard but without success. This feeding 
experiment was repeated successfully several times. 

The following heat measurements explain the results 
obtained above: * 

With the aid of a thermocouple and potentiometer* I 
recorded the temperature in the immediate vicinity of the 
reptile, about 5 mm. over its back in comparison with the 
ordinary room temperature. Two series of measurements were 
made: (a) when the reptile was not enclosed in the narrow 
vial; and (b) when the reptile was enclosed in a narfow vial. 

In the first case the difference between the room temperature 
and that of the immediate environment of the lizard was very 
small. In the latter case the difference was quite marked. 
When the reptile was free, a difference of 0.04 millivolts or 
about 1° C. was recorded. When the reptile was enclosed, its 
heat was preserved in the immediate environment so ‘that a 
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difference of 0.13 millivolts or about 3° C. were shown above 
the room temperature. In his paper on the tropisms of the 
bed bug, the author has shown that the difference between the 
temperature of an object and that of the immediate environ- 
ments of the bug must be at least 2° C. before any reactions 
may take place. Bearing this in mind we can understand why 
the bugs failed to attack the reptiles when they were free and 
did not hesitate to attack them when they were enclosed in a 
vial. Furthermore, the experiments show that even with 
reptiles heat is the only agent stimulating the bugs to feed. 

Summarizing these experiments and including a few thigmo- 
tactic and hygrotactic reactions which I observed in bed bugs 
in their attempt to feed upon reptiles, I ^ould say that C. 
lectularius L. under natural conditions does not attack cold- 
blooded vetebrates for the following reasons: 

(1) The temperature of cold-blooded vetebrates varies with 
that of the environment and is very slightly above it. The 
difference between the two, however, is not sufficient to attract 
the attention of the bugs. 

(2) The surface of reptiles is covered with scales and in 
addition to the physical difficulty in piercing those scales, the 
bugs will not attempt to do so because of the smoothness of 
their surface. 

(3) The surface of many amphibians is moist, and the bed 
bugs will not attack these because of their negative hygrotaxis. 

When these difficulties are removed, namely, when the heat 
which the reptiles give off is preserved, or their temperatures is 
artificially raised far beyond that of the environment; when a 
scaleless surface is offered to them such as between the toes 
or joints; and when the moisture is removed, the bugs freely 
feed upon these animals as the experiments of Chatton and 
Blanc and of the present author have shown. 

Cannibalism. 

A great deal has been written regarding cannibalism in 
Cimex, and while early authors believed that bed bugs did 
attack each other in case of emergency, when no other food is 
available, later authors tleny this phase in the feeding habit 
of the bug and consider this as impossible. Quoting De Geer, 
(1773), we read as follows: “ce n’est sans doute pas leur unique 
nourriture n’ayant pas toujours occasion de se rassasier de sang 
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humain. Elle s’entertuent quelquefois et se sussent les unes 
les autres, les plus faible ou les jeunes devenant la proye des 
plus fortes, comme j’en ai eu l’experience sur celle que j’avais 
rassemble dans un poudrier.” Recent authors consider this 
as an inaccurate observation, because they never observed it 
to take place. 

If heat is the sole stimulant awaking the feeding appetite 
in the bugs, why should they not attack one of their own when 
the stimulus comes from that source? The present author 
succeeded in making one of the bugs feed upon another as 
follows: 

A larva in the second instar was fed upon the arm of the 
author. It was then held carefully in a dish between the tips 
of a fine forceps which were slightly heated against a lamp to 
about 30° C. This temperature was maintained by the heat 
of the hand. In the dish there were 2 larvae of the third instar 
recently molted and ready to feed. Attracted by the heat, 
the two approached the forceps and began to stroke the metal 
tips with the probosces. Soon they began to stroke in the 
same manner the body of the captive larva. The chitin of 
the latter was too smooth and therefore they did not attempt to 
pierce it. This stroking continued for several minutes because 
the heat conducted from the hand to the tips of the forceps 
exerted a continuous influence upon the two hungry insects. 
Finally one of the bugs happened to strike upon the mem- 
brane connecting the metasternum and the coxa of the left 
hind leg of the captive insect, and with a few darts pierced this 
membrane as well as the wall of the digestive tract. Very 
soon, without warning, I salfr the blood being pumped from the 
captive bug into the tract of the attacking one. This did not 
continue for a long time because a movement of the captive 
bug forced the attacker away. 

The author made several similar attempts before and also 
afterwards but never again did any of the bugs succeed in pierc- 
ing the chitin or membrane of the captives, although In every 
case they continuously stroked the surface of the same. 

Under natural conditions “cannibalism” may take place 
immediately after feeding of a bug-. Then the blood which 
has been ingested is still warm and, no doubt, radiates heat 
through the body walls of the insect. Other bugs that may 
be in the environment of a recently fed bug may thus be stimu- 
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lated to attack it. A few times the author observed how 
hungry larvae follow one of their own, right after it had been fed. 
A normal and active bug would naturally show resistance 
upon such attempts from the part of members of its kind. 
Often, however, it happens that a bug is somehow crippled 
after its meal. At times the digestive tract of a bug bursts 
during its meal or immediately after it. Upon this the ingested 
blood fills the coelomic cavity and hinders the activities of the 
creature until it finally dies. Bugs in such state may be 
attacked by others. A larva in this condition happened to 
be placed in a petri dish together with other bugs. On the 
following day the posterior half of the abdomen was dried and 
shrunken whereas the rest of it was normally soft and filled 
with darkened blood. The creature had been probably attacked 
by another bug. 

In view of these observations the author is inclined to sup- 
port the statement made by De Geer (1773), regarding can- 
nibalism in bed bugs. 
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PAUROPODA FROM NORTH AMERICA. 


William A. Hilton, 

Department of Zoology, Pomona College, Claremont, California. 

Members of this group have been considered as representing 
a distinct class of Arthropoda. I am inclined to agree with 
this interpretation although Hansen, ’01, who has done so much 
careful work in this field prefers to keep them as an order. 

Sir John Lubbock was the first to recognize these little 
eighteen-legged centipede-like animals and described two species 
from his English collection in 1867. Packard in 1871 described 
a new species from Salem, Mass. Ryder in 1879 described a 
new species of Eurypauropus, a new genus erected by him and 
mentioned the two species given by Lubbock. These were 
found in Fairmount Park, Philadelphia. Latzel divided the 
group into two families and named some new forms. Schmidt 
in 1895 considered the anatomy and Kenyon in the same year 
considered internal and external structures and gave a summary 
of classification. In Russia, Tomosvary, 1884, in Hungary, 
Daday, 1889, Silvestri in Italy, 1894 and Attems 1895 in Austria, 
all have described new species. Haase in Germany in 1885 
and Berlese and others have also done something with the 
group. Cook in 1896 divided the group into three orders and 
listed fifteen species, several of which were given as new. Three 
new genera were given and the genus Stylopauropus was accepted 
by Hansen. Perhaps the most important paper is by Hansen 
in 1901. The last author, has the most extensive monograph 
in which a number of species are described from Europe and 
many other parts of the world. Bagnall, 1908-1918, has a 
number of short papers on the distribution of these animals 
in the British Isles, chiefly England and Harrison describes new 
forms from New South Wales. 

So far as I know the only references to the distribution of 
Pauropoda in North America are the papers of Packard, Ryder 
and Kenyon in the eastern United States, the paper of Cook 
dealing with Bong Island and Indiana forms and my own 
records from California in 1927. Williams and Hefner report 
them from Ohio in 1928. 
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I have now collected material from a number of distant 
localities in North America and the present paper is a partial 
report of the group from my collections during the past two 
years. Many more localities were searched than appear in 
these records, but conditions are not always the best when one 
has the opportunity to search. 

In the description of the forms at hand I have tried to pick 
out differences that can be recognized as well as certain others 
that are not so striking but with the stress upon the former. 
With my material I find that there are many characters used 
by Hansen that seem to be too variable. I find also that 
certain characters are better for some individuals. These forms 
were not easy to study. I found it necessary in many cases 
to use caustics to clear the specimens, and by such severe 
methods with such delicate creatures I feel certain that no 
important skeletal structure escaped me. The antennae are 
remarkably constant within a small group, the distribution of 
the long sense hairs and their general proportions are also quite 
uniform. There is a certain amount of variability in the smaller 
body setae between the larger groups and there is a certain 
amount of variability in the adult length. 


Family PAUROPODIDJ5, Lubbock 

Pauropodida, Lubbock. Trans. Linn. Soc. 26, 1867. 

Ryder. Amer. Nat. 13, 1879. 

Pauropoda agilta , Latzel. Verhndl. d. zool.-bot. Ges. Wien, 23, 1883. 

Pauropodidcc , Bollman. Bui. U. S. Nat. Mus. 46, 1893. 

Pauropodida , Hansen. Vid. Medd., 1901. 

The body is four or more times as long as wide with the legs pro- 
jecting laterally. The head and upper thoracic region are quite narrow. 
The head is free and uncovered above. Usually there are four rows of 
hairs on its upper side and often the last row is near the posterior margin 
of the head. The body has six terga very slightly chitinized. All 
but the first terga have eight hairs, according to Hansen, but I have 
found many variations. The five pairs of tactile setae are inserted 
inside the lateral margins of the terga; the last pair is the longest. 
The legs have the central claw moderatly long or rather short with a 
proximal pad or empodium. In front of this is another claw with a 
pad on its lower margin. A small posterior claw may have a pad and 
may be very poorly developed on the last leg. 

The character of the claws and the distribution of the small 
dorsal setae are from Hansen, but I have found exceptions in my 
material. 
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Pauroptis Lubbock. 

Pauropus , Lubbock. Trans. Linn. Soc. London, 26, 1867. 

Ryder. Am. Nat. 13, 1879. 

Latzel. Ges. Wien, 33, 1883. 

Kenyon. Tufts College Studies, 4, 1895. 

Hansen. Vid. Medd., 1901. 

The most easily recognized characters are in the antennae. 
The joint bearing the single flagellum is usually longer than the 
one bearing two branches. One of the two branches last 
mentioned is usually shorter than the other. The globulus is 
never shorter and generally much longer than its stalk. Accord- 
ing to Hansen also the sternum of the anal segment has at least 
two and usually three pairs of setae. I have not always noted 
this. 


Pauropus califomianus n. sp. (Figure 1.) 

Length .88 mm. ; width of the head, .08 mm. ; width of body, .16 mm. 
The head has three rows of hairs dorsally, six in the first two rows 
and four in the last. The eye areas are rather small. The first body 
segment has two rows of hairs dorsally with four in each row. The 
second segment is similar. The third and largest segment has six in 
the first row, 2 in the second and four in the third. The 4th body 
segment is about as large as the last with three rows of hairs dorsally 
and with two in each row. The 5th segment has from one to two rows 
of hairs with four hairs in all. The last segment has four hairs above 
and nine below with one much larger pair. 

The plume-like sensory hairs are all .08 mm. long, but the last 
which is .12 mm. in length. 

Ventral hairs are poorly developed but a series of spines was found 
between all the leg pairs but the last. Between the first legs the spine 
is long, curved and pointed, between the second it is conical, between 
the third it is small, between the 4th it is small and conical, between the 
fifth it is rounded, between 4he 6th it is truncated and between the 
eighth leg pair it is long and conical. 

Antenna. Length, .12 mm., the base is .04 mm. long. The ramus 
bearing the globulus slightly shorter than the other. Longer flagellum 
of the globulus branch nearly as long as the flagellum of the globulus 
lacking ramus. The globulus is almost sessile and nearly spherical. 
The basal part of the antenna has a long hair, the second joint has two 
small hairs and the third joint two small ones while the fourth joint 
has a long hair. 

Legs. They are nearly equal in length. Beginning with the first 
leg they are as follows : .08 mm. — .085 mm. — .09 — .09 — .085 mm. — .85 — 
.085— .12 mm. There are five segments in each of the first and last 
pairs of legs. All the other legs but the first and last pairs have six 
segments. The claws are small. Small club-shaped hairs are found 
on the basal segment of all the legs. The length of the joints of the 
legs are as follows, beginning with the longest joint: 
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First leg: 5-4-3-2-1. Second leg: 6-4-3-2 (1-5). Third leg: 
6-2-4-3-1-5. Fourth leg: (6-2)-(3-4)-l-5. Fifth leg: 6-2-4-3-1-5. 
Sixth leg: (6-2-3-4)-5-l . Seventh leg: 6-4-2-3-1-5. Eighth leg: 
6-4-3-2-1-5. Ninth leg: 5-4-3-2-1. 

The above description was from a male specimen which 
was used as the type and now in the Pomona College collection. 
It with others was collected in the College Park. Other 
specimens obtained in the same locality differ in minor details, 
but the distribution of the dorsal hairs and general character 
of the antennae are much the same in all. 

One specimen had legs of the following lengths: First leg and second 
.09 mm.; third and fourth, .10 mm.; fifth, .11 mm.; sixth, .10 mm.; 
7th, .06 mm.; 8th, i()6 mm.; ninth, .09 mm. The length of the joints 
also differed slightly. 

Specimens obtained a mile away seemed the same species. One of 
these was .64 mm. in length with the head .045 mm. broad, the body 
at the broadest, .10 mm. The total antennal length was .08 mm. 
The first pair of legs was .06 mm. in length and the last .09 mm. The 
last tactile plume sense hair was .09 mm. in length. 

Another specimen was .74 mm. in length and another some four 
miles away was slightly different. An adult from the South Hills 
near Pomona for instance was .8 mm. in length with the length of the 
legs as follows: First leg, .06 mm. ; second, third, and fourth, .065 mm. ; 
sixth, 7th, 8th all 10 mm.; ninth, .12 mm. In this the arrangement of 
the dorsal hairs was slightly different. On the head there were two 
rows, one with four and the posterior with six hairs. The first body 
segment has one row of three hairs. The third body segment has 
three hairs on each side instead of four. The fourth has two rows, 
the first of five and the second of four hairs. The fifth has two rows, 
the first of four hairs the second of two. The sixth has two rows, the 
first of four hairs and the second of two. 

In all these specimens collected within a radius of four miles 
there are slight variations, but all agree in antennal characters, 
in caudal hairs as well as ip general proportions, but not in size. 

Among the specimens in the last locality one specimen was 
found with six pairs of legs. Its length was .56 mm. and with 
a head width of .05 mm. and body width of .01 mm. 

A distinctive feature of the species is the simple anal plate. 

Pauropus medius n. sp. (Figures 2 and 4.) 

Length 1.28 mm. Greatest width, .16 mm. 

The head has two rows of hairs of four each. The first body seg- 
ment has one row of four hairs. The second body segment also has 
one row of four hairs. The third segment has three rows of two hairs 
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each. The fourth has three rows of hairs each of two hairs. The 
fifth segment has two rows, the first of four, the second of two hairs. 
The sixth has three rows of hairs with three hairs each. The eye areas 
occupy about one-third of the lateral margin of the head. 

The first plume sensory hairs is .10 mm. in length, the second is 
.14 mm., the third is .16 mm. and the last is .28 mm. 

Antennae are .2 mm. in length of which the basal part is nearly 
half as long. The non-globar ramus of the antenna slightly longer 
than the ramus of the globus division. Between the basal joints of the 
two rami is a small globular body. One flagellum of the globular 
division of the antenna is shorter than the other. The globus itself 
is small with a very little stalk. 

Legs with five joints in the first and ninth legs, but in the last legs 
the terminal joint is almost divided into two. Tarsal claws are moder- 
ately heavy, especially the ninth pair. There are spatulate hairs on 
the basal joints of upper legs but forked hairs on the two basal joints 
of the ninth legs. 

The length of the legs is as follows: 

The first is .11 mm. long; the second is .12 mm. long; the third is 
.13 mm. in length; the fourth and fifth are .14 mm. in length; the sixth 
is .1(5 mm.; the seventh is .14 mm.; the eighth is .18 mm.; the ninth is 
.28 mm. The proportions of the first leg are as follows beginning with 
the longest joint in each case. The joints of the first leg are : 2— 5— 3— 1—4 . 
The joints of the eighth leg are: 3-4-G-2-l-, r >. The joints of the 
ninth leg are: 5-4-3-2-1. 

Some of the distinctive features of this species are the club- 
shaped hairs of the upper legs, the long ninth pair of legs, the 
rather large tarsal claws and the globular lobe between the two 
joints of the antennae. The partial division of the last joint 
of the ninth legs should also be mentioned. The caudal region 
is not particularly distinctive at first sight, but on closer 
examination there are found three dorsal and three ventral 
setae of moderate length and in a slight lobing on the ventral 
side in the middle line are two rather remarkable compound 
spines, the outer ramus of each one being pointed and the 
inner ramus truncate with a minute oval jointed tip as shown 
in the figure. No such structure was found in the previously 
described species, where the ventral plate was in no way 
remarkable. 

This species was determined from specimens from Temiscal, 
California. 

The type, a female, is in the Pomona College collection. 

Several specifnens were collected in December 3, 1927. 
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Pauropus santus n. sp. (Figure 5.) 

Length 1.00 mm. Head width .08 mm. Widest part of the body, 
.10 mm. The head bears ten short hairs of which four are more medial 
and two pairs of three each are lateral. These hairs are banded. 

The first segment of the body seems to be free of hairs above. The 
second body segment bears two hairs. The third body division has 
two rows of hairs, the first or more cephalic of four, the second of two 
hairs. The third and fourth segments have each two rows of two hairs. 
The sixth body division has three rows of two hairs each. The caudal 
region above shows six rather long hairs. Below the anal plate bears 
four rather long hairs. It is notched on each side to a moderate degree 
and in each notch is situated a small compound spine composed of three 
lobes. 

The Antennae are much as in other members of the genus with the 
flagellum of the non-globus-bearing branch slightly longer than the 
longest division of the globulus-bearing division. The shorter flagellum 
of this last branch is about one-half the length of the longer ramus. 
The globulus is small and almost without stalk. There are prominent 
hairs on each antennal segment and on the basal globulus segment. 
The eye areas are quite large. They make up about one-half the lateral 
margin of the head. 

Several of the legs are of the following lengths: 

The first leg, .08 mm.; the second leg is .10 mm. long; the eighth 
leg is .12 mm. in length; the last leg is .10 mm. in length. The claws 
are fairly prominent on the first and last legs and not quite so marked 
on other legs. 

The hairs on the basal joints of all legs are slender and biramous 
on the last pair of legs. 

The plume hairs of the body are all .08 mm. in length except the 
last and it is .12 mm. long. 

The leg proportions for several legs are as follows: In each case the 
longest joint is mentioned first First leg, r>-(4-3-2) 1 ; the second 
leg, 0-3-4- 2- 1-3; the ninth leg, 3-2-3-4-1. 

Specimens were collected at Santa Cruz Island, California, 
April, 1929. 

The above description* is from a female which serves as the 
type. In the Pomona College collection. 

Pauropus indigenous n. sp. (Figure 3 ) 

Length .09 mm.; width of the head, .07 mm.; width of the body at 
widest point, .12 mm. 

The head has two rows of hairs with four in each row. The first 
body division has one row of six dorsal hairs. The second body seg- 
ment has two rows of hairs dorsally with six in each row. The third 
body segment has two rows of hairs with six and four hairs. The 
fourth dorsal region has three rows of hairs with 4, (> and 2 hairs. The 
fifth body segment has three rows of hairs with four hairs in each row 
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dorsally. The sixth dorsal segment has two rows of hairs with four 
in each row. The caudal region has three pairs of nearly terminal 
hairs, the central of the three pairs being longer. The anal plate 
below shows a slight undulation with two minute central hairs and a 
minute lateral hair on each side. There is also a more lateral larger 
pair which was counted in the three pairs of rather large terminal hairs. 

The head has a pair of rather large plumose hairs below. The 
antennae do not differ from those last described in any way. 

The long plumose seta: are of the following lengths: First hair, 
.08 mm. long; the second hair, .12 mm. in length; the third and fourth 
hairs, .14 mm. in length; the fifth hair, .15 mm. long. 

Legs. The first and last pairs are five-jointed, all the rest are six- 
jointed. There are slender hairs on the two basal joints of the upper 
legs and slender forked hairs on the two basal joints of the ninth leg. 
In length the first leg is .12 mm. long; the eighth is .17 mm. and the 
ninth is .10 mm. long. The leg proportions are as follows beginning 
with the longest joints in each leg: First leg, 2-3-4-5-1. Second leg, 
6-2-3-4-1-5. Third leg, 2- 0-4-3- 1-5. Fourth leg, 3-4-2-6-1-5. 
Fifth leg, 2-6- 3-4-1 -5. Sixth leg, 2-3-4-0-1-5. Seventh leg, 2-3-4- 
0-1-5. Eighth leg, 2-3-4 -0-1-5. Ninth leg, 5-(3-2-4-l). The 
claws of the legs are moderately developed. There is a small curved 
ventral spine between the second pair of legs. 

Several specimens from Indian Hill, near Claremont, 
California. The type is a female in the Pomona College 
collection. 

Pauropus quercus n. sp. (Figure 6.) 

Length .04 mm. Proportions about as usual for the genus. Head 
with three rows of small hairs, the first row with six, the second row 
with six and the third with two hairs. 

The body divisions above have the following distribution of small 
hairs: 

First segment with two rows of four hairs each. The second segment 
also dorsally has two rows of hail?, the first with four, the second with 
six hairs. The third dorsal segment has three rows of hairs, the first 
with two, the second with four and the third with four hairs. The 
fourth dorsal division has two rows, the first with two and the second 
with four hairs. The fifth segment has three rows of hairs, the first 
with four, the second with two and the third row also with two. The 
sixth dorsal segment has four hairs in a row on its caudal edge, all of 
which are quite long. 

The anal plate is not very distinctive. There are two* pairs of 
rather long dorsal hairs and two pairs of more ventral ones. The more 
lateral of the ventral hairs is thicker than the others and with a thick 
basal joint. * 

The antennae are much as in the first species described, there is no 
distinctive feature. Their total length is .09 mm. of which the basal 
joint makes up .04 mm. 
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The lengths of the legs are as follows : 

First leg, .06 mm.; second, .06 mm.; third and fourth, .07 mm.; 
fifth, .08 mm.; sixth, .08 mm.; sixth, .08 mm.; seventh, .08 mm.; eighth, 
.08 mm.; ninth, .09 mm. 

The proportions of the legs are as follows beginning with the longest 
joint in each case: First leg, 5-4-2-3-1. Second leg, 6-(3-2-4)~l-5. 
Third leg, 6-4-3-2-1-5. Fourth leg, 6-4-3-2-1-5. Fifth leg, 4-0-3-2- 

1 - 5. Sixth leg, 2-3-6- 1-5. Seventh leg, 2-4-3-6-1-6. . Eighth leg, 

2 - 4-3-6-1-5 Ninth leg, 5-5-3-2-1. 

The feet are as in P. californianus and in many respects it 
resembles this species, there are, however, no ventral spines as 
in this species. 

The distinctive features of this species are in the anal 
region, the jointed pair of caudal hairs and the total lack of 
ventral hairs or spines. 

Pauropus globulus n. sp. (Figure 7.) 

Length .64 mm. General proportions as typical in the genus. 
Antennae much as in other members of the genus but with a distinctive 
globular joint slightly smaller than the globulus. 

The dorsal seta? are as follows: 

The head has three rows of hairs; the first with four, the second 
with six and the third with two. The first body segment has one row 
of two hairs on each side or four in all. The second division of the 
body has one row of four hairs. The third body segment has two rows 
of two hairs each. The fourth segment has two rows of hairs, the more 
cephalic of these has four hairs, the more caudal has two hairs. The 
fifth dorsal body division has one row of four hair:?. The sixth dorsal 
segment has one row of two hairs. 

The anal segment was not clearly seen in any of the specimens but 
it seemed to be provided with two central shorter caudal hairs and two 
longer lateral hairs to these. 

The lateral sensory setae were as follows: 

The first or more cephalic was .06 mm. in length; the second was 
.05 mm.; the next was .06 mm. long; the fourth was .05 mm. long and 
the last was .09 mm. long. 

It was difficult to measure the length of legs but the proportions of 
the joints were as follows, beginning with the longest joint in each case: 
First leg, 5-4-3-2-1. Second leg, 2-4-6-3-1-5. Third leg, 2-3-4-0- 

1- 5. Fourth leg, 6-(2-4-2)-l-5. Fifth leg, 6-(2-3)-l-5. Sixth leg, 

2- 6-4-3-1-5. Seventh leg, (>—4—3— 2— I —5. Eighth leg, (6-4-3-2)-l-5. 
Ninth leg, 5-4-3-2-1. 

The basal joints of the legs have slender hairs. The second joint 
of the ninth leg has a single hair but the first basal joint has a double 
hair both branches of which are slender. There is a long hair on the 
fourth joint of the ninth leg and this hair reaches beyond the last 
joint of the leg. The tarsal claws and hairs are about as usual. 
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Several specimens were collected at Mountain Meadows, 
a few miles from Claremont, and because of the use of caustics 
all are in bad condition. Further study may show other 
characters not seen in these specimens at present. Distinctive 
feature, the globular basal joint of the globulus. Description 
from a female, now an imperfect specimen in the Pomona 
College collection. 

Pauropus pinus n. sp. (Figure 9.) 

Length 1.04 mm. Head width, .08 mm. Widest part of the body 
is .10 mm. Antenna; length of the base, .08 mm. and .14 mm. total 
Length. All three flagellar branches nearly equal in length. The 
globulus is on a short stalk with hairs on each of the basal joints. There 
is one very long hair on the last basal joint near the base of the globulus 
division of the antenna. At this point also there are two small globular 
bodies, one with stalk over twice as long as the globule. The other 
and larger globular body has a very short narrow base of attachment. 
Near the true globulus there appears to be a second globule about half 
the diameter of the true globulus. The eye area occupies about one- 
third of the lateral margin of the head. 

The head has six dorsal hairs in from two to three rows. 

Dorsally the body regions bear hairs as follows: 

First body segment, four hairs in two rows of two each. The second 
body division has one row of three hairs. The third body segment 
has two rows of two hairs each. The fourth body segment has about 
two rows of four hairs each. The fifth segment has two rows of three 
and of four hairs. The sixth segment has a cephalic row of four hairs 
and a second row of two hairs. 

The anal region has four or five rather long terminal or slightly 
lateral hairs with two large double spines on the anal plate. These are 
much as in P. medius but they are larger and more truncate with the 
lateral parts somewhat pointed. There are no terminal joints evident 
here. 

In the type specimen and one or two others the long sensory hairs 
are with very little indication of a plumed condition. 

The long sensory hairs are of the following lengths: The first is .10 
mm. long and so are all the others but the fifth which is .28 mm. long. 

On the ventral side of the body between the third to the eighth 
pairs of legs there is a pair of small hairs. 

The basal segments of the legs have cylindrical hairs. On the two 
basal segments of the ninth legs there are branched hairs, each of the 
two branches being nearly cylindrical. 

The lengths of the legs are as follows: The first pair of legs is 
.11 mm. The second* leg pair is .15 mm. The third pair of legs is 
.10 mm. long. The fourth legs are .15 mm. The fifth pair is .17 mm. 
The sixth pair is .20 mm. long. The eighth pair is .22 mm. long. The 
ninth pair of legs is .24 mm. long. 
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The leg proportions are as follows, beginning with the longest joints 
in each case: First leg, 2-4-3-5-1. Second leg, 6-(4-2)-l~(3-5)-l . 
Third leg, 6-4-2-1-3-5. Fourth leg, 6-4-2- 1-3-5. Fifth leg, 6- 
(4-2)-3-l-5. Sixth leg, 6-4-2-3-5-1 . Seventh leg, 6-4-2-3-5-1 . 
Eighth leg, 6-4-2-3-5-1. Ninth leg, (5-6)- 4-3-2-1. 

The claws of the legs are rather large and on the last pairs of legs 
especially the more ventral pad or claw is very large. The tibia here 
also bears an unusually long hair which reaches well below the tibio- 
tarsal joint. 

The species is especially characterized by the peculiar 
caudal spines, the ventral hairs and the peculiar globular 
bodies on the antennae. 

The specimens were collected at Big Pines, in the San 
Gabriel mountains at about seven thousand feet elevation, 
November 26, 1927. 

The type, a female, is in the collection of Pomona College. 

Pauropus caudaspinosus n. sp. (Figure 8.) 

Length 1.42 mm. Head width, .16 mm. Broadest part of the 
body, .28 mm. Antennae of the usual type with hairs on all basal 
joints. Globulus branch with shorter flagella than the other branch. 
The two branches of the globulus quite unequal in length. Total 
length of antenna, .13 mm. of which .06 mm. is basal portion of the 
usual four joints. The eyes occupy about one-half the lateral margin 
of the head. 

Dorsally the hair distribution is as follows: 

The head bears four small hairs. The first body division has a 
row of four hairs. The second body segment bears two rows of two 
hairs each. The third division bears two rows of two each and that 
seems to be the condition with all the other segments. 

The anal region has about four terminal and lateral hairs on each 
side and the anal plate bears two sharp central spines and on each 
side of this pair is a single delicate spine or hair. 

The plume hairs havQ lost their plume-like character in the type. 
The last of these is the longest and is .32 mm. long. 

In the cephalic region there is a single scale-like spine of two slightly 
unequal blades. The basal joints of the legs bear club-shaped or 
blade-like spines. The last leg bears on its two basal joints a branched 
rather irregular spine with two rami. The spine of the second basal 
joint of the last leg is larger than that of the first basal joint. 

The lengths of some of the legs are as follows: 

First, second and third legs are .15 mm. in length. The eighth leg 
is .32 mm. in length and the last leg is .33 mm. long. 

The proportions of a few legs are as follows: 

First leg, (5-2)-(3-4-l). Second leg, 6-2-3-1-4-5. Third leg, 
6-2-3-1-4-5-. The last leg has six joints in this type and the lengths 
are 5-4-3-2-6-1. 
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The description is based on a female used as a type in the 
collection of Pomona College. 

Some of the distinctive characters are shown in the six- 
jointed ninth pair of legs, the club-shaped and even spatulate 
basal spines of many of the legs, the single ventral spine of a 
double nature and the four rather prominent anal spines, the 
two lateral being much more delicate, but all four being sharply 
pointed. 

The specimens were collected in woodland one mile north of 
Waverly, New York, in August, 1928. 


Pauropus mexicanus n. sp. (Figure 10.) 

Length 1.56 mm. Head width, .10 mm. At the widest part the 
body is .20 mm. The total length of the antenna is .13 mm. and the 
base is .04 mm. The antenna is typical of the genus but there are 
several hairs and one or more small globular bodies at the base of the 
globulus. The flagella of the globulus branch are unequal in length 
as is usual. There were few hairs on the dorsal side and not easily 
determined in the specimen. There seem to be but few pairs for the 
upper segments, but the caudal region is well provided, there being 
about six hairs for the next to the last segment and about seven pairs 
of rather long caudal hairs. No peculiar features were noted in the 
anal region. 

The lateral plume seta? are about .OS mm. in length but may be 
longer than this in life. 

The length of the legs is as follows: 

The first legs are .08 mm. in length; the second legs are .10 mm.; 
the third legs are .15 mm. long and the last legs are .16 mm. long. 

The leg proportions of a few legs are as follows, the longest joint 
is mentioned first in order: 

The first leg, 5-4-3-2-1. The second leg, 6-2 -3-4-1 -5. The last 
leg is 5-(4-3-2-) -1 . + 

The hairs on the basal joints of the legs are slender. The claws are 
moderately prominent. 

The species is based on female specimens collected fifty 
miles north of Mexico City. The specimens were collected in 
November, 1928. 

What there is left of the type after study is in the Pomona 
College collection. It is very difficult to determine all the 
points of difference in these small specimens and at the same 
time save them for further study, because in some cases it is 
necessary to use caustics to clear the opaque parts of the body. 
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Stylopauropus Cook. 

Pauropus , Lubbock. Trans. Linn. Soc. London, 26, 1867. 

Latzel. Ges. Wien. 13, 1883. 

Kenyon. Tufts College Studies, 4, 1895. 

Stylopauropus , Cook. Brand tia, iv, 1896. 

Hansen. Vid. Medd., 1901. 

The stalk of the globulus is considerably longer than the 
transverse diameter of the globulus itself. Hansen also says 
that the lower antennal branch has the anterior margin con- 
siderably longer than the posterior. Its anterior flagellum is 
longer than the other. The sternum of the anal segment has 
the posterior pair of setae only. The first of these characters is 
easily recognized, the others are not so easy and may be less 
important and possibly more variable. They seem to be less 
constant among the specimens of the genus about to be 
described. 


Stylopauropus digitus n. sp. (Figure 11.) 

Length 1.32 mm. Width of the head, .10 mm. The body at its 
broadest part is .IS mm. The total length of the antennae is .13 mm., 
of which the base is .04 mm. The globulus branch of the antenna is 
heavier and slightly longer than the other but there is little real differ- 
ence in their lengths. The globulus is on a stalk slightly longer than 
the diameter of the globulus. There is no marked difference in the 
lengths of the three flagella, but one of the pair is shorter than the 
others. The eye areas on the head are large and occupy most of the 
side of the head. 

The distribution of dorsal setae is as follows: 

The head bears two rows of short plume hairs with eight hairs; 
four in each row. 

The first body segment has one row of four hairs. The second 
body segment seems to be without hairs above. The third body 
segment has two rows; the first has two hairs; the second has four 
hairs. The fourth body segment has two rows of four each. The 
fifth has three rows of hairs; the first with two; the second row with 
two; the third row with four hairs. The sixth body segment has two 
fows; the first with two hairs and the second with three hairs. 

The caudal region is bilobed, each lateral lobe bearing three more 
or less terminal hairs. In the middle line is a delicate rather broad 
projection which seems characteristic of the species. 

The long sensory setae seem to be .OS mm. long, but the next to the 
last in the type was .06 mm. long. 

The leg lengths are as follows: 

The first leg is .05 mm.; the second is .07 mm. which is also the 
length of the third. The fourth is .00 mm. in length. The next to 
the last leg is .08 mm. long and the last is .16 mm. long. 
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The leg proportions are as follows: 

The first leg joints beginning with the longest for the first leg; 
5—2— (3—4)— 1 ; second leg, 4— 2— 6— 3— 1—5 ; third, 3— 6— 2— 4— 1—5 ; seventh, 
(4-2-6)-3-l-5; fifth, 4—3— 2— 6— 1—5 ; sixth, 2-3-4 -6-1-5; seventh, (4-2- 
6)-3-l-5 ; eighth, 4-0-3-2- 1- 5 ; ninth, (2-4-5-3)-l . 

The third, fourth, sixth and the ninth legs have long claws which 
are especially hooked in the ninth pair of legs. The setae on the basal 
joints of the legs are straight. 

Several specimens collected at Laguna Beach, Orange County, 
California and one immature from Catalina Island with five pairs of 
legs may be the same species. This last specimen was .56 mm. long 
with a head width of .12 mm. and a body width of .10 mm. The 
caudal region was not the same as the Laguna Beach specimens. 

The distinctive features of this species arc the following: 
The delicate median caudal projection, the large eye areas, the 
plume hairs on the head and the long hooked claws of the last 
and a few other legs. 

The type is a female in the Pomona College collection. 
This with several other specimens was collected one mile north 
of Laguna Beach, on January 0, 1929. 

Stylopauropus locatus n sp. (Figure 12 ) 

Length 1.1 mm. Proportions usual, the head width about .1 mm. 
and body about .16 mm. Total length of antenna .16 mm. with the 
length of the base .16 mm. The globulus bearing base is slightly 
shorter than the other. Flagella of this branch are about equal in 
length and much shorter than the other flagellum, in fact about half 
as long as the unpaired flagellum. The globulus is on a slender stalk a 
little longer than its diameter with small lateral hairs on each side of 
the globulus itself. The eye areas were not particularly noted and 
further specimens from the type locality will be needed to determine 
their real character as the specimens at hand are injured by the caustics 
applied for their study. However the eyes were not conspicuous in 
the specimens examined. 

The distribution of dorsal hairs was as follows: 

The head had two rows of hairs, the first row of four and the .second 
of five hairs. The first body segment had two rows of two hairs each. 
The third body segment had three rows of two hairs each. The fourth 
segment had two rows of two hairs each. The fifth segment had two 
rows of hairs, the first with two hairs the second with four hairs. The 
last segment had two hairs on each side of the body. 

The anal segment was not particularly studied as it showed no very 
distinctive features. There were three lateral hairs on each side with 
a slight bilobed ventral plate. 

The lengths of the lateral sense hairs was not taken because they 
were evidently injured in all the specimens. 

The leg lengths were as follows : 



778 


Annals Entomological Society of America [Vol. XXIII, 


Beginning with the first and ending with the ninth leg the lengths 
in miluneters is given; .12, .13, .13, .14, .16, .18, .18, .18, .28. 

The proportions of the legs are as follows, beginning with the longest 
joint in each case: First leg, 5-2-4-3-1 ; second leg, 6-5-2-3-4-1 ; 
third leg, 6-2-3-1-4-5; fourth, 6-2-4-3-1-5; fifth, 6-2-3-1-4-5; 
sixth, 6-2-3-1-4-5; seventh, 6-2-3-1-4-5; eighth, (2-5)-(4~3)~l-6; 
ninth, 5-4-3-2-1 . 

The legs have rather small claws. The hairs on the basal joints of 
the legs are rather irregular in distribution and form. They are short 
and often spatulate or club-like. On the first pair of legs a single 
slightly curved small hair is located on the third basal joint. In the 
second pair of legs a similar hair is located on the second basal joint. 
A smaller shorter hair is located on the second basal joint of the third 
pair of legs. The fourth pair of legs has a larger longer hair on the 
basal leg joint and a shorter spatulate hair on the second basal joint. 
The fifth leg has a small spine on the second basal joint. All the other 
legs, that is the sixth to the ninth pair have two hairs, one on each of 
the two basal joints. The hair on the basal joint of all of these is larger 
and more spatulate than the second joint hair. 

In addtion to unbranched hairs on the basal joints of the ninth 
pair of legs the terminal joint of the leg is also peculiar. It is long, 
curved at the end and with slight indications of a division. There are 
no ventral spines or hairs visible in the type. 

Specimens were collected at Puddingstone canyon, not far 
from San Dimas, California, March 1, 1929. 

The distinctive characters are as follows : Peculiar distribu- 
tion of spatulate and short cylindrical spines on the basal 
segments of the legs; the peculiar character of the last leg, 
both as to basal spines and terminal joint and flagella of the 
globulus branch of the antenna. 

The type, a male in the Pomona College collection. Injured 
in study. 


Stylopauropus simplus n. sp. (Figure 13.) 

Length 1.06 mm. Width of the head not clearly seen in the type, 
but in another specimen of the same length the width was .12 mm. 
and the body at its widest part was .24 mm. The total length of the 
antenna was .13 mm. and its base was .05 mm. long. The basal joint 
of the globulus branch of the antenna was thicker than the other but 
not much more than half as long as the other. The stalk of the globulus 
was slightly longer than the diameter of the globulus. All three of the 
flagella were of the same length in the type. The eye areas were rather 
small. The head bears simple hairs. 

The distribution of the dorsal hairs is as follows: 

The head has six or seven cephalic marginal hairs and a pair of 
more caudal ones. The first two body segments each bear a pair of 



1930] 


Hilton: North American Pauropoda 


779 


hairs. The third body segment has a pair of hairs in front and two 
pairs farther back. The fourth segment has three pairs of two each as 
does the fifth and sixth regions, but in the first case one pair is centro- 
caudal and in the last two segments the corresponding pair is centro- 
medial. 

The caudal end has three long more or less terminal hairs and the 
anal plate has a central body bearing two short hairs and on each side 
of this a single small hair. 

The plume hairs are as follows: First, .12 mm. long; second, 
.13 mm.; third, .12 mm.; fourth, .13 mm.; fifth, .1(5 mm. 

The leg lengths are as follows: First, .09 mm.; second, .12 mm.; 
third, .13 mm.; fourth, .13 mm.; fifth, .13 mm ; sixth, .10 mm.; seventh, 
.10 mm.; eighth, .37 mm.; ninth, .20 mm. 

The leg proportions, beginning with the longest joints are as follows: 
First, 6-5-2-3-1; second, 0-4-2 3-1-5; third, 0-4 -3-2- 1-5; fourth, 
6 — 4— 3— 2— 1—5 ; fifth, 0-4- 3-2-1 -5; sixth, 0-4-2- 3-3 -5; seventh, 0-4-2- 
3-1-5; eighth, 0-4 -(3-2)-3-l ; ninth, 5-4-(3-2)-l. The basal joint 
hairs slender. These hairs are biramous on the ninth basal leg joints. 

Specimens were collected from San Tomas, Lower California, 
December 20, 1927*. 

The distinctive characters are as follows: The peculiar 
hairs and medial structure of the anal plate; not very large eyes; 
antennae with basal globulus portion longer than the other 
basal branch of the antenna and with all flagella about equal in 
si 7e. 

The type is a female in the Pomona College collection. 


Stylopauropus oregonensis n. sp. (Figure 14.) 

Length .88 mm., general proportions as usual. Length of antenna, 
.18 mm., of which .04 mm. is the length of the basal four joints. Basal 
joints of the flagella about the same length. One flagellum of the 
globulus division shorter than* the other. Globulus itself on a long 
stalk. This stalk is three times the diameter of the globulus diameter. 

The hairs of the head are short clubs. 

The distribution of dorsal setae is as follows: 

The head has a cephalic marginal row of six hairs, three on each 
side, and a caudal row of four. The first body segment has a row of 
four setae. The second segment has a row of four hairs, two on each 
side. The third thoracic segment has a row of four and then a row of 
two hairs. The fourth segment has a row of two and then a row of 
four hairs. The fifth division has two rows of two hairs on each side. 
The sixth segment has a row of two and a row of four hairs. 

The caudal regiftn has three long hairs on each side. In the middle 
line the anal plate has two small central hairs and two smaller hairs, 
one each side of the larger pair, or four minute hairs in all. 
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The last plume hair was .12 mm, long, the others were not perfect 
in the type specimen, but judging from other material they were all 
shorter than this. 

The lengths of the legs were as follows: 

First leg, .09 mm.; second leg, .09 mm.; third leg, .13 mm.; fourth 
leg, .15 mm.; fifth leg, .16 mm.; sixth leg probably .16 mm.; seventh 
leg, .16 mm.; eighth leg, .16 mm.; ninth leg, .17 mm. 

The proportions of some of the leg joints are as follows, beginning 
with the longest joint in each leg: 

First leg, 5— 2— 3— 1—4 ; second leg, (2-6)-34~2-5; third leg, the same 
as the last; ninth leg, 5-4-3-24. 

The spines on the basal joints differ greatly. They are as follows: 

First leg, basal joint one small flat spine; the second basal spine is 
double having one large and one small flattened scale. 

The second leg is similar to the last with one small flat spine on the 
first basal joint and two on the second basal joint with one of these 
last much smaller than the other. 

The third leg has a small flat spine on each of the two basal joints. 

The fourth leg is like the last with the flattened spines larger. 

The fifth leg has a small rounded spine on the first basal joint and 
two flattened spines attached to the second joint. One of these is 
three times the size of the other. 

The sixth leg is similar to the fifth. The seventh leg is similar but 
the two spines or flat hairs on the second basal joint are nearly of the 
same size. The eighth is also similar but with the basal spine a little 
larger and possibly double. 

The ninth leg has two small spines on each of the two basal leg 
segments. These spines are short and broad and one in each set is 
larger than the other. 

There is a fine pubescence on the last three joints of the last pair of 
legs. The claws are rather prominent but rather blunt. 

Ventral to the legs there are a few irregularly scattered hairs. 

vSeveral specimens were found on the slope of Mt. Ilood, 
Oregon, at about six thousand feet altitude, August 15, 1929. 
One was an immature with three pairs of legs. 

The differential points in this species are the following: 
The peculiar and variable distribution of basal joint spines. 
The character of the anal plate. The peculiar fine pubescence 
on the last three joints of the last three legs and the general 
character of the antennae. The eyes are also the smallest of 
any examined in this genus. The hairs of the head are short 
clubs, in part at least. 

The type specimen is a male in the Pomona College col- 
lection. The male reproductive opening differs markedly from 
the male organ in the species S. locatus , as shown by the figures. 
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GENERAL REMARKS. 

Although the species just described seem distinct from each 
other, there are a few similarities as follows: 

P. californianus resembles P. indigenous more closely than 
any other described. 

Pauropus medius is quite close to P. pinus. This is especially 
shown in the anal plate region. They are of the same type, but 
differ in detail. 

In comparison with other species described in the past there 
are a few similarities in single characters as follows : 

The anal plate region of P. danicus Hansen, resembles the 
anal plate of Stylopauropus locatus. 

The antennae of P. huxleyi Lubbock as figured by recent 
writers such as Hansen and others, resembles that of P. 
caudaspinosus in general form and proportions. 

The anal region of P. intermedins Hansen is much like that 
of P. caudaspinosus . 

The anal region of P. inornatus Hansen is somewhat like 
that of Stylopauropus locatus. 
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EXPLANATION OF FIGURES. 

Fig. 1. Pauropus californianus n. sp. a, antenna; b, first leg; c, dorsal view 

of the caudal end; d, ventral view of the anal end; e-1, spines between 

legs 1-8. 

Fig. 2. Pauropus medius n. sp. a, ninth leg; b, first leg. 

Fig. 3. Pauropus indigenous n. sp. a, caudal region from below; b, ventral .spine. 
Fig. 4. Pauropus medius n. sp. a, caudal end from below; b, antenna. 

Fig. 5. Pauropus santus n. sp. a, caudal end from below. 

Fig. 6. Pauropus quercus n. sp. Caudal end from below. 

Fig. 7. Pauropus globulus n. sp. Antenna. 

Fig. 8. Pauropus caudaspinosus n. sp. a, caudal end from below; b, ventral spine. 
Fig. 9. Pauropus pinus n. sp. a, antenna; b, caudal end from below; c, ninth 
leg; d, first leg. 

Fig. 10. Pauropus mexicanus n. sp. Antenna. 

Fig. 11. Stylopauropus digitus n. sp. a, antenna; b, caudal end from below. 
Fig. 12. Stylopauropus locatus n. sp. a, antenna; b, caudal region from below. 
Fig. 13. Stylopauropus simplus n. sp. a, antenna; b, male organ. 

Fig. 14. Stylopauropus oregonensis n. sp. a, caudal end from below; b, antenna; 

c\ basal segments shpwing hairs, from one of the last pair of legs; 
d, male organ. 
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THE WINTERING HABITS OF MUSCOID FLIES 
IN IOWA.* 

R. A. Roberts, 

Uvalde, Texas. 

Although Muscoid flies are abundant in Iowa, references to 
these Diptera in current and past literature are exceedingly 
scarce. Very little scientific work has been done within the 
state either on this family or on the other families of flies which 
are parasitic on animals. Among these Diptera are some of 
the greatest pests of livestock, and the agriculturists need to 
turn their attention to the economic losses they are suffering 
from them. The present work has been undertaken as a pre- 
liminary survey of the wintering habits of the Diptera which 
affect man and livestock. An effort has been made to present a 
list of the various flies which annoy animals, breed in dead 
carcasses, frequent barns and houses, or are otherwise of interest. 
Although the actual numerical abundance of these flies has not 
been estimated, the relative proportion of each species is given. 
As this thesis contains observations over a period of only nine 
months it should be considered as merely the nucleus of a 
future knowledge of the subject. The present list of Diptera, 
which includes species found during the fall, winter, and spring, 
should be supplemented with the species which are present 
during the summer. 

The observations which were made at Ames, Iowa were 
begun October 1, 1927 and ended May 5, 1928 The city of 
Ames is located in Story County in central Iowa, has a latitude 
of 42° 2', a longitude of 93° 38' and an altitude of 922 feet. 
Central Iowa was originally an oak grove savanna but is now 
almost entirely under cultivation. The state is located in the 
Carolinian of the Upper Austral faunal zone. There are no 
large bodies of water in this vicinity. 

The winter of 1927-28 was rather moderate at Ames, with 
only a few periods of severe cold. On one occasion the tempera- 
ture reached -25° F. Little rain and only a small amount of 

♦Contribution from the Department of Zoology and Entomology, Iowa State 
College, Ames, Iowa. 
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snow fell during the winter. The annual rainfall of Iowa is 
31.5 inches The spring of 1928 was delayed, the cold weather 
lasting well into the latter part of April. 

The present study was made under the direction of Dr. 
H. H. Knight of Iowa State College. The writer is greatly 
indebted to him for his interest and assistance in the work. 

TABLE l 

Species of Flies Trappld from October 2 io November 26, 1927, 
at Amfs, Iowa. 


Specils 

Oct 

2-8 

Oet 

9-15 

Oct 

16-22 

Oct. 
23 29 

Oct 30 
Nov 5 

i 

Nov 

20-27 

Total 

Per Cent 
of Total 
Catch 

Musca domestica. 

103 

91 

27 

224 

147 

1 

593 

30 97 

Lucilia sericata 

122 

66 

76 

87 

106 


457 

23 86 

Phormia regina 

91 

70 

29 

67 

43 

2 

302 

15 77 

Cvnomvia cadaverina 

96 

32 

25 

33 

28 

14 

228 

11 91 

Lucilia caesar 

29 

18 

13 

20 

28 


108 

5 64 

Calhphora 









erythrocephala 

8 

10 

1 

6 

14 

22 

61 

3 18 

Sarcophagidac spp 

5 

8 ! 

5 

14 

4 


36 

1 88 

Museina stabulans 

16 

15 


1 

1 


33 

1 72 

Ophyra leueostoma 

12 

2 

4 

3 

5 


26 

1 36 

Fannia scalans 

6 

7 

4 


1 


18 

94 

Museina assimilis 

2 

3 

4 

1 



10 

52 

S( atophaga stercoraria 



1 

4 

2 


7 

37 

hannia camcularis 


2 


2 

1 


5 

26 

Chrysomy zademandata 

1 


1 

2 



3 

16 

II\drotea dentipes 

1 






1 

05 

Pollema rudis 





1 


l 

05 

Luc ilia uni color 




1 



1 

05 

Miscellaneous 

9 

1 


9 

6 


25 

1 31 

Total 

500 

325 



190 

474 

387 

39 

1915 

100 00 

Mean temperature . 

35 °P 

51° F 

55 °F 

63 °F 

48° F 

40° F 




Procedure. 

The methods employed in the present work for trapping 
and breeding flies have been made as similar as possible to 
those used by the United States Bureau of Entomology. The 
traps used in catching flies were identical with the one recom- 
mended in U. S. Department of Agriculture Farmers’ Bulletin 
No. 857. This ,is an all-metal trap, made up of an outside 
cylindrical frame of moderately heavy galvanized iron covered 
with 14 mesh screen wire. Into the bottom is fitted a screen 
cone through which the flies enter. 
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Only one trap was run continuously throughout the winter. 
This trap was mounted on a platform two and one-half feet 
square, and four feet above the ground, and was located on the 
south side of a small wooden building. The bait generally 
consisted of fresh beef, about two pounds of which was placed 
in the bait pan each week. Occasionally the trap was baited 

TABLE II 

Lisi Showing Lant Rfcordid Appearance in thf Fali and First Recorded 
Appearance in thl Spring of Adults of Various Sprcus or Fiies 
at Amfs, Iowa 


Species 

Last Appearance 

First 

Appearance 

Ol T DOORS 

Outdoors 

In Heated 
Building 

Pollenia rudis 

All 

winter 

All winter 

All winter 

Phormia regma 

All 

winter 


All winter 

Calliphora erythrocephala 

Nov 

29, 1927 


Mar 20, 1028 

Cynomyia cadaverina 

Nov 

29, 1927 


Mar 23, 1928 

Musca domestica 

Nov 

26, 1927 

All winter 

Mar 28, 1928 

Ophyra leucostoma 

Nov 

5, 1927 



Muscina stabulans 

Nov 

5, 1927 


Mar 22, 1928 

Sarcophagi dae spp 

Nov 

5, 1927 


Mar 19, 1928 

Lucilia caesar 

Nov 

5, 1927 


April 28, 1928 

Lucilia sencata 

Nov 

5, 1927 


Mar 27, 1928 

Cryptoluciha comicina 

Nov 

5, 1927 



Stomoxys calcitrans 

Oct 

30, 1927 



Fannia scalaris 

Oct 

30, 1927 


April 4, 1928 

Fannia caniculans 

Oct 

30, 1927 

Feb 3, 1928 

May 5, 1928 

Scatophaga stercorana 

Oct 

30, 1927 


Mar 28 1928 

Chrysomyza demandata 

Oct 

29, 1927 



Lucilia unicolor 

Oct 

29, 1927 



Muscina assimilis 

Oct 

29, 1927 


Ma> 24, 1928 

Gastrophilus intestinalis 

Oct 

23, 1927 



Cochliomyia macellaria 

Oct 

10, 1927 



Hydro tea dentipes 

Oct 

8, 1927 


April 4, 1928 

Cryptoluciha caesarion 




Mar 21, 1928 

Protophormia terraenovae 




Mar 24, 1928 

Calliphora vindescens , 




April 21, 1928 


with a rabbit, a rat, or other small animal. The flies were 
emptied from the trap once each week From each week’s 
catch a random sample of 500 flies was taken and determined 
as to species When the catch was less than 500 flies the entire 
lot was determined 

In all breeding experiments fresh ground beef was used as 
a breeding medium for the flies, with the exception of horse 
manure and straw which was necessary for Musca domestica 
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. Species of Flies Trapped. 

The species of flies trapped each week from October 2 to 
November 26, 1927 have been identified as to species. See 
Table I. No flies were trapped from November 6 to November 
19, because of low temperature (average daily mean tempera- 
ture 34° F., average minimum 26° F.). 

TABLE III. 


Spfcies of Flifs Trapped from March 22 to Mav 5, 1928, Ames, Iowa. 


Species 

Mar 

22-28 

Mar 29 
Apr 4 

April 

15-21 

April 

22-28 

Apr 29 
May 5 

Total 

i 

Per Cent 
of Total 
Catch 

Cynomyia cadaverina 

289 

275 

118 

316 ! 

134 

1132 

53 80 

Phormia regina 

63 

183 

57 

135 ! 

263 

701 

33 32 

Calliphora erythrocephala 

21 

13 

16 

9 

34 

93 

4 42 

Muscina stabulans 

23 

14 

3 

3 

12 

55 

2 61 

Calliphora viridescens 



2 

17 

13 

32 ! 

1 52 

Hydrotea dentipes 


4 

1 

6 

16 

27 

1 28 

Sarcophagi dae spp 




4 

9 

13 

62 

Lucilia sericata 

1 



2 

9 

12 

57 

Scatophaga stercorana 

1 

6 

1 

1 


9 

43 

Fannia scalaris 


1 


5 

2 

8 

38 

Muscina assimilis 

3 

2 

1 


1 

7 

33 

Lucilia caesar 


t 


1 

5 

6 

29 

Pollcnia rudis 

1 

2 




3 

14 

Musca domestica 

1 



1 

1 

3 

14 

Protophormia terraenovsc 

1 





1 

05 

Fannia canicular is 





1 

1 

05 

Miscellaneous 



1 



1 

05 

Total 

404 

500 

200 

500 

500 

2104 

100 00 

Mean temperature 

52° F 

51° F 

38° F 

46° F 

62° F 




The house fly was the most abundant species, being pre- 
dominant over other species the last two weeks before cold 
weather. The next five species of greatest abundance were 
all blow flies of economic importance 

In Table II are listed the species of flies taken, showing the 
last date in the fall and the first date in the spring on which 
adults of each species were observed active under outdoor 
conditions. As shown, P. mdis and P. regina were taken 
outdoors at intervals throughout the winter. P rudis and 
M. domestica were present in heated buildings during the entire 
winter. 
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The species of flies caught during the spring months are 
given in Table III. No flies were trapped from April 5 to 
April 14 because of low temperature, (average daily mean 
temperature, 40° F., average minimum 29° F.). It is interesting 
to note that more than 50 per cent of the total spring catch 
was flies of the species C. cadaverina. This large fly appeared 
early in the spring and seemed very hardy and resistant to low 
temperatures. P. regina, which represented 33 per cent of 
the catch, increased rapidly in late April and early May, and 
became predominant over C. cadaverina. It is surprising that 
the species of Lucilia were represented in such small numbers, 
as Bishopp (1915) and others record this genus as appearing 
very early and abundantly in the spring, especially is L. caesar 
known to be an early spring breeder. Lucilia, however, did 
appear to be more abundant in wooded areas, where specimens 
were taken frequently with a net. 


Discussion of Species 

The following list contains all the species of flies trapped, 
collected, or observed from October 1, 1927 to May 1, 1928. 
The families of Diptera are arranged in the order accepted by 
Comstock (1925) and the genera of Calliphoridae are listed as 
presented by Shannon (1923). The determinations of the 
various species were made by the author unless otherwise noted. 

Family CORDYLURID^E. 

Scatophaga stercoraria Linn. The yellow dung fly is abundant in 
Iowa. The species was taken in large numbers flying about cattle 
pastures as late as October 39 

Family ORTALIDA5 

Chrysomyza demandandata Fab. C. demandata was common during 
October, when it was frequently trapped over a meat bait. 

Family ANTHOMYIID.45. 

Fannia canicularis Linn. The lesser house fly was trapped in the 
fall until October 30. A single female was found on February 3 flying 
about a heated basement room. This room was used to house small 
animals and it is likely that this fly was breeding in the animal excre- 
ment. Numerous specimens were observed later in February and in 
early March flying about dwellings. 
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Fannia scalaris Fab. (Laake, det.). During the fall months F. 
scalaris was more abundant than F. canicularis. It appeared early in 
April but in small numbers. 

Hydrotea dentipes Fab. Although this species did not appear 
during the fall, it was trapped early in the spring and continued to be 
noticeably abundant. 

Ophyra leucostoma Weid. This fly appeared regularly in meat 
baited traps as late as November but failed to make its appearance in 
the spring. 

Family GASTROPHILID^. 

Gastrophilus intestinalis DeG. On October 23 females were observed 
ovipositing on animals in pastures. Eggs were being deposited by the 
hundreds on the forelegs, the belly, and well up on the sides and 
shoulders of the horses. The animals were greatly disturbed by the 
actions of the adult flies. 

Family OESTRID^. 

Hypoderma lineata DeG. In Iowa larvae of II. lineaia reach the 
backs of cattle about January 8 to 20 (Bishopp and Laake 1926). 
The author took specimens from the backs of cattle during the latter 
part of January, numerous specimens in early February and grubs 
which were apparently mature on February 22. Cattle slaughtered at 
Ames, Iowa during February were often so severely infested that meat 
on the back was damaged to such an extent as to necessitate its removal 
from the carcass. Most of the cattle slaughtered at this time were 
Shorthorns 12 to 16 months of age. Larvae of II. lineata were found in 
the backs of cattle as late as April 18. 

Hypoderma bovis Vill. On April 18 a dairy herd near Ames, Iowa 
was inspected and 25 specimens of Hypoderma were collected from the 
backs of the cattle. Of these, two specimens proved to be U. lineata 
and the remaining 23 were H. bovis. 

Family CALLIPHORIDJL 

Calliphora erythrocephala Meig. The author bred C. crythrocephdla 
throughout the winter in a greenhouse. Four generations were pro- 
duced between October 31 and March 25. This species during the 
period under observation in the greenhouse was furnished bananas for 
food and given ground beef on which to oviposit. The flies showed 
gpeat vitality, and did not seem to suffer or decrease in size or activity 
in successive generations. C. erythrocephala was one of the last species 
to disappear in the fall. It was trapped over meat baits on November 
27, and was observed flying about on November 29. It was the first 
fly to appear in large numbers in the spring, though it was soon replaced 
by more abundant species. In a test to determine the depth at which 
larvae of this species pupate, it was found that at a temperature of 
70 to 80° F. the larvae pupated at an average depth of 1.9 inches. Under 
outside conditions larvae and pupae of C. erythrocephala were removed 
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from the soil at a depth of from to 2 inches. This soil contained 
grass roots but had little surface protection. These findings indicate 
that shallow pupation is common with Calliphorid flies. Early stage 
larvae of C. erythrocephala were taken outdoors in large numbers during 
January. These larvae were placed, together with the meat on which 
they were feeding, both on the surface and one inch below the surface 
of the soil. None of these larvae completed development. In a test 
to determine the depth from which adults of C. erythrocephala would 
emerge from buried pupae it was found that flies would emerge through 
18 inches of closely packed fine sandy loam from 22 per cent of pupae 
buried. Flies failed to emerge from greater depths. 

Calliphora viridescens Desv. This fly was not present during the 
fall months but appeared abundantly in the spring. The first specimen 
was trapped over beef bait April 21. 

Cynotnyia cadaver ina Desv. C. cadaver ina represented more than 
50 per cent of the total flies trapped during the spring It was observed 
that large numbers of Cynotnyia larvae were killed by the first low 
temperatures without having made any effort to migrate. It is likely 
that only those larvae which have passed the larva feeding stage and 
are ready for migration begin hibernating on the approach of cold 
weather. Larvae of C. cadaver ina in the prepupal stage were taken 
from the soil on February 12. These larvae pupated at once and adult 
flies soon emerged. Flies of this species failed to overwinter as adults, 
though numbers of them were placed in locations with varying amounts 
of protection. Pupae were found under winter conditions from \]/ 2 to 
2 inches below the surface of the soil. 

Lucilia sericata Linn. The green-bottle fly was by far the most 
abundant Calliphorid fly at Ames in the fall. However, it did not 
appear abundantly in the spring although it was recorded early in small 
numbers. A stock of this species was obtained January 22 and bred 
under greenhouse conditions for the remainder of the winter. In the 
greenhouse the period from the egg to the emergence of the adult 
was from 16 to 23 days. While confined in cages L. sericata oviposited 
freely on banana as well as on beef. Larvae of this species pupated 
at an average depth of 1.37 inches, pupation occurring in fine sandy 
loam at a temperature of 70 to 80° F. 

Lucilia caesar Linn. ,The presence of L. caesar at Ames seems to 
run parallel with that of L. sericata , although the latter species was at 
all times more abundant. In April the writer found a large number of 
pupae under the carcass of a dog which had lain all winter and did not 
appear to have been infested with maggots since the preceding fall. 
From all these pupae emerged L. caesar , which suggests that this species 
had wintered as larvae and pupated in April. 

Lucilia unicolor Town. A single specimen of this species was 
taken on October 29. The fly entered a trap baited with beef. 

Lucilia sylvarum Meig. (Laake Det.). Although L. sylvarum was 
not taken by the author, it is a common Iowa species. A specimen was 
furnished by Mr. E. W. Laake which he collected at Ames, September 17, 
1919. 
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Phormia regina Meig. In Iowa the black blow fly is very abundant, 
both in the fall and spring. Adults were taken throughout the winter 
on warm sunny days. They were observed often in large numbers and 
apparently wintered over in adult form. Although active on all warm 
days, P. regina failed to oviposit even in the most favorable locations. 

Protophormia terraenovce Desv. Although this fly is a winter breeder 
and exceedingly abundant throughout the northern United States, it 
was only rarely taken at Ames. No reason can be assigned at this 
time for its scaricity. 

Cochliomyia macellaria Fab. In late September this fly was observed 
breeding abundantly in refuse near a slaughter house. With the first 
cool weather it quickly disappeared, the last specimen being trapped 
October 10. The species did not appear in the spring. Observations 
indicate that this fly migrates from the South each summer. 

Pollenia rudis Fab. Adults were frequently found throughout the 
winter in and about dwellings. They were also trapped both in spring 
and fall over meat baits. In February this species was observed active 
out -of-doors. 


Family SARCOPHAGID^E 

Sarcophaga hacmorrhoidalis Fall. (Laake, Det.). These large 
Sarcophagids were trapped both in the fall and spring months. 

Sarcophaga communis Park. (Laake, Det.). This was the most 
abundant Sarcophagid at Ames during the fall. 

Sarcophaga bullata Park. (Hall, Del.). A species which was often 
taken in traps during early October. 

Sarcophaga falculata Pand. (Hall, Det.). Adults were common 
during May, when they were trapped frequently. 

Sarcophaga helicis Towns. (Hall, Det.). A single specimen was 
trapped over beef bait on May o. 

Family MUSCIDjE 

Muse a domestica Linn. The house fly was the most abundant fly 
at Ames during the fall months. However, with the first cold weather 
they disappeared under outside conditions and were found only in 
heated buildings. M. domestica was bred all winter under greenhouse 
conditions, horse manure and oats being used as a breeding medium. 
Two fly traps were kept running during the winter in a heated building 
which housed rats and chickens. Numerous flies were caught in these 
traps, and larvae were found in the animal excrement in the cages. 
Frequently during the winter adults of the house fly were observed 
flying about restaurants and residences. Fifty house fly pupae were 
placed out-of-doors* on January S. These pupa' were covered with 
one inch of sand and a few leaves. No adults emerged, which probably 
was due to inadequate protection by the sand. 

Muscina stabulans Fall. M. stabulans is very numerous in Iowa, and 
appeared early in the spring in large numbers. 
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Muscina assimilis Fall. This species is less abundant than M. 
stabulans but seems to have the same seasonal distributions, breeding 
habits, etc. 

Cryptolucilia caesarion Meig. Numerous adults of this species 
appeared in the spring and were taken with a net. Large numbers 
entered buildings and were collected while buzzing about the window 
panes. Hendrickson (1925) collected adults during August. 

Cryptolucilia cornicina Fab. (Laake, Det.). Two specimens of 
C. cornicina were taken October 30 on mullein plants ( Verbascum 
thapsus L.). 

Stomoxys calcitrans Linn. The stable fly was abundant during 
October. Large numbers of adults, feeding on cattle in pastures, 
were taken with a net as late as October 30. The emergence of the 
flies in the spring was evidently delayed by cold weather, as no specimens 
were taken. 

Haematobia irritans Linn. The horn fly was frequently observed 
during the fall months. During October the flies were annoying 
cattle. In the spring the species was notably scarce. 
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NOTES ON SOME BOMBYLIIDJS (DIPTERA) FROM THE 
REPUBLIC OF HONDURAS.* 

Reginald H. Painter,! 

Kansas State Agricultural College. 


In the early part of 192G, the author spent three months in 
the Republic of Honduras in research on the sandflies (biting 
Ceratopogoninae) for the Medical Department of the United 
Fruit Company. During the time there, a number of insects, 
especially Diptera, were collected. Since little is known con- 
cerning the dipterous fauna of this region, the notes which 
follow are presented partly to fill this lack. In Biologia Cen- 
tralia Americana (6, 10) very few species are recorded from 
Honduras and none of these Bombyliidac. The several papers 
on Diptera of medical importance, published in the annual 
report of the Medical Department of the United Fruit Com- 
pany and elsewhere, constitute almost our entire knowledge of 
the dipterous fauna of that country. The work on the sand- 
flies was done at or near Puerto Castilla, Honduras, and dealt 
with the biology, immature stages and the control of some 
sandflies of the genera Culicoides and Leptoconops. A full 
report of this work has already appeared (7). 

While this study was in progress, numerous trips were made 
through the swamp nearby. Part of this area contained typical 
growths of mangroves and frequent lagoons. The paths leading 
through the swamp were on higher sandy ground where the 
brush consisted of various species of palms and a number of 
kinds of deciduous trees. Several species of Bombyliidae were 
taken along the paths and near the sandy beach. Much of the 
collecting was done by sweeping, and although a number of 
Syrphidae and Bombyliidae were collected, very few were taken 
on flowers, but mostly on or hovering about leaves or sand. 

^Contribution No. 382, from the Department of Entomology. 

fl am indebted to Dr. W. E. Deeks, General Manager of the United Emit 
Company's Medical Department, for the opportunity of doing this collecting 
during the time of my studies on the sandflies. I wish to express my thanks to 
Dr. B. M. Phelps, Superintendent of the Medical Department, and to the other 
officers and employees of the Truxillo Railroad Company, for the many courtesies 
extended to me during my stay in the division. My thanks arc also due to my 
wife, Elizabeth M. Painter, for help with the manuscript and preparation of the 
drawings. 
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The investigations in Honduras extended from April 1st to 
June 27th, 1926. During the whole time there were only about 
three inches of rainfall, most of which occurred during the 
latter part of June. A few one and two-day trips were taken 
to stations along the branch of the Truxillo Railroad that fol- 
lows the Aguan River as far as the town of Olanchito. On 
these trips, the best collecting was among the bananas. A 
one-day collecting trip was made into the mountains south of 
the town of Truxillo. 

The specimens, unless otherwise stated, were collected by 
the author and, together with the types of the new species, are 
to be found in the author’s collection. 

Genus Anthrax Scopoli. 

1 . Anthrax albofasciata Macq. 

Four males taken April 3, 4, and G, Puerto Castilla, Hon- 
duras. 

2 Anthrax analis Say. 

Three males and three females from Truxillo, Honduras, 
taken on April 11, were" identified as belonging to this species as 
they appear to be identical with specimens from the United 
States. The last three segments of the abdomen of the male 
are clothed with silvery scales; the squamal fringe is whitish 
in both sexes. Among the North American specimens of this 
species, the number of these silvery segments and the extent 
of the white pile on the first segment appear to vary. The 
Honduras specimens were taken while hovering in the air six 
or eight feet above a dry path in an open pasture. 

3. Anthrax irroratus Say 

A single male specimen from Corocito, Honduras, May 9. 

Genus Hyperalonia Rondani. 

Williston (10) p. 273, has called attention to the fact that 
H. morio Fab. ( erythrocephala Fab. et auett.) does not possess 
the same characters as a number of the other species. The 
examination of a number of American species which have been 
placed in this genus shows that they fall into two groups, one 
with distinctly jointed style on the third antennal joint; the 
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other not possessing this character. To the former belong 
cerberus (Fab.), albiventris (Macq.), and latreillei (Wied.); to 
the latter group belong morio (Fab.) and others. The original 
generic description (8, p. 57, 58) is not clear as to the desig- 
nation of the genotype. On page 57, under the general heading 
“ Genus Exoprosopa,” a key to related genera is given in which 
Hyperalonia is mentioned as separated from the others by the 
possession of “four submarginal cells.” Eleven older species 
and two new species are mentioned as belonging to this genus. 
On the following page a key is given to three species of Ilypera - 
Ionia occurring in Chile. Erythrocephala is the first mentioned. 
However, the Zoological Record, Vol. II, p. 049, cites the type 
as erythrocephala (auctt.) and is the earliest subsequent desig- 
nation. 

The Exoprosopinae with “four submarginal cells” then 
consist of two genera: Velocia Coq. with the characters given 
by Coquillett (4) and Osten Sacken (G) p. 89, and with the 
genotype cerberus (Fab.); and Hyperalonia Rond, with the 
genotype morio (Fab.) ( erythrocephala Fab.). The characters 
of the latter are as follows: 

Hyperalonia belongs to subfamily Exoprosopinae as defined by 
Bezzi (2). Occiput somewhat enlarged, the whole head lacking in 
tomentum or scales, but clothed with scattered stiff pile, which is 
especially thick about the antenna? and in a pit on the front. The 
three joints of antennae in the ratio 2:1 : 3 . 5; the first cylindrical, 
somewhat cupped to receive the next; the second subglobular; both 
first and second clothed with stiff hair; the third joint linear lanceolate, 
tapering from base to apex and of the same structure as found in certain 
species of Villa e. i , without a distinctly jointed style. Proboscis 
exceeding the mouth cavity by less than the length of the antenna*. 
Thoracic metapleura' at most with one or two stiff hairs. Thorax 
and abdomen without scales. Wings with four interradial cells (sub- 
marginal cells). R 2 f 3 arising from R s in a right angle almost the 
length of the crossvein before the r-m crossvein. vSquamal fringe of 
scales. Legs clothed with narrow scales, all tibia spinose; front tarsi 
short and thick, a little more than twice the length of the front tibia. 
Claws with a minute obtuse tooth. Abdomen broad, flat, and shining, 
nearly twice as long as broad and considerably longer than thorax; 
clothed with short, stiff hairs which are longer on the sides. Male 
genitalia asymmetrical 
•* 

The structure of the antennae, the front legs, the nearly bare 
metapleurae, and the character of the body covering are suffi- 
cient to distinguish this genus from Velocia. 
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The described species are: morio (Fab.), coeruleiventris 
(Macq.), and perhaps chilensis Rond, and surinamensis Rond. 
These may all be a single variable species. 

Genus Velocia Coq. 

4. Velocia albiventris (Macq.) 

Two males, collected April 8 and 30, and three females, 
April 4, 8, and May 2, are probably of this species. They were 
captured along the sandy beach on the peninsula on which 
Puerto Castilla is situated. Apparently this species is fairly 
common throughout Central America and shows considerable 
variation in wing pattern and in the coloration of the scales 
on the 2nd and 3rd abdominal segments. 

The costal margin of the wing is brown, the remainder grayish 
hyaline, usually with five brown spots of somewhat varying size and 
shape. One spot lies on the r-m crossvein, and on the base of the vein 
Rs+ 3 ; another small one at the base of the first M 2 ; another on the vein 
at the base of Cui extending on to a part of the median crossvein; 
and the last on the veins at the apex of cell R- f . On the abdomen, the 
entire venter and dorsum of last three abdominal segments are clothed 
with silvery tomentum which extends in a varying amount on to segment 

4. The base of the second segment is always silvery; sometimes this 
silvery portion extends on to the third segment. The apex of the 
second segment is black tomentose; the third segment and the base of 
the fourth is largely black tomentose, but sometimes with scattered 
yellow tomentum. 

5. Velocia latreillei (Wied.). 

Two females taken April 4 and May 2, on the peninsula on 
which Puerto Castilla is situated. Both specimens were flying 
over the sandy beach. 

Genus Exoprosopa Macquart. 

6. Exoprosopa castilla n. sp. (Fig. 2, 4, 6). 

Male . — Ground color mostly black; face, first joint of antennae, 
ventral abdominal segments yellowish; lower part of front, scutellum 
and sides of abdominal dorsum reddish; face yellow, white tomentose; 
style of antennae about one-third as long as third joint; abdominal 
dorsum yellow tomentose; white tomentose on base of second, middle 
half of fourth and all of sixth and seventh segments; black tomentose on 
apical half of second, third, and extreme base of fourth segment; wing 
pattern similar to E. pueblensis Jaen. ; first posterior cell open. Length, 
10 to 14 mm. 
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Head and antennas black pilose; yellowish pilose on the cheeks; face 
and occiput white tomentose; front brownish tomentose, (Figs. 2, 4). 

Thorax yellowish pilose; a few black pile on the center of the thoracic 
dorsum; some black spines on the humeri, above the bases of the wings, 
and on the margin of the scutellum; margins of thoracic dorsum white 
tomentose passing through yellow and then to black tomentose in the 
center; stemo-pleurite white tomentose; a conspicuous tuft of white 
pile below the base of the wing. 

Abdomen white tomentose on base of second, middle half of fourth, 
and all of sixth and seventh segments; black tomentose on apical half 
of second, third, and extreme base of fourth segment; a few black scales 
on fifth segment, especially in center at base and apex, remainder of 
abdominal dorsum yellow tomentose; first segment and base of second 
laterally yellowish white pilose, lateral margins of remaining abdominal 
segments black pilose; venter white tomentose; coxae yellow tomentose; 
anterior tibia smooth; tarsal claws minute. Wing pattern similar to 
E. pueblensis Jaen. and as shown in Fig. 0. 

Female . — Similar to male, the fifth and sixth abdominal segments 
frequently black tomentose, both dorsally and ventrally. Thoracic 
dorsum with lighter colored tomentum than in the male. 

Type. — Male, Puerto Castilla, Honduras, April 4, 1926. 

Allotype. — Female, taken at the same place and on the same 
date. 

Paratypes . — One male, April 4; 2 females, April 0; 2 males, 
April 9; 5 females, April 13; 2 males, 1 female, May 11; 2 males 
(one specimen teneral) May 19. These specimens were col- 
lected principally along the higher ground of the swamp and on 
the sand dunes. 

The black tomentose areas of the second and third abdom- 
inal segments are half lens-shaped and do not reach the lateral 
margins of the segments. 

The wing pattern is similar to that in E. pueblensis Jaen. 
and E. eremita O. S., but this species lacks the yellow pile on 
the sides of each abdominal segment that pueblensis possesses 
and lacks the white crossband on the fifth segment that is present 
in eremita. Other differences are noted in the description. 
The three species are closely allied and may on examination of 
more material prove to be varieties of a widely distributed, 
variable species. To determine this necessitates the presence 
of a larger series and a detailed study of the genetalia. 
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7. Exoprosopa hulli n. sp. (Fig. 1, 3, 7). 

Male . — Body grayish brown; occiput and center of abdomen black, 
clothed principally with yellow pile and tomentum; cresentric-like black 
tomentose crossbands on apices of the second and third abdominal 
segments, bases of fifth and sixth narrowly black tomentose, fifth and 
sixth segments ventrally black tomentose. Wings dark brown on the 
anterior and basal half, the boundary running from the apex of the 
subcosta through base of second M 2 , Cui, first and second anal cells. 
Length, 13 mm. 

Head grayish brown, lighter about the mouth, proboscis not pro- 
jecting from the oral cavity; face clothed with black and yellow pile and 
yellow tomentum; occiput yellowish tomentose; front black pilose and 
yellow tomentose; antennae blackish brown; the first joint yellowish, 
about one and a half times the length of the second, the third joint 
short, the style about equal in length to the remainder of the joint, 
(Fig. 1, 3). 

Thorax yellow pilose and tomentose; scattered dark brown or black 
pile and tomentum on thoracic dorsum; base of scutellum black 
tomentose, spines of thorax and scutellum black. 

Abdomen yellow pilose and largely yellow tomentose; a few black 
scales at the apex of first segment; apical cresentric black bands on 
second and third; a few black scales on base of fourth, apex and base of 
fifth, and base of sixth; some black scales on the sides of segments 
2, 3, 5 and 0, and largely covering the ventral segments of o, (>, and 
base of 7. 

Legs yellowish brown; tarsi blackish; first tibia smooth; femora and 
tibiae clothed with yellow scales, brownish in front and beneath. Wings 
hyaline; base brown, slightly darker at base of second M 2 and Cui, 
coloration as shown in Fig. 7. 

Female . — Similar to male. The first antennal joint generally 
longer than in the male; the proboscis slightly projecting. The cross- 
bands on the abdomen are sometimes narrower than described for the 
male with intermixture of lighter colored scales; in some cases black 
scales are present on the third and fourth ventral abdominal segments. 

Type. — Male, Agricultural College, Miss., July 2!) (F. M. 
Hull). 

Allotype. — Female, Agricultural College, Miss., July 22, 
F. M. Hull. 

Paratypes . — Two males, July 21 and 22, and three females, 
July 22 and 29 (F. M. Hull), from same locality; two females 
from Sikeston, Mo., August 8, a female from Atherton, Mo. 
(C. F. Adams), August 13, and one from Arkansas, July 6 
(D. G. Hall), in the collection of the University of Arkansas; 
a male, Riley County, Kans., Aug. 2 (Popenoe), in the Kansas 
State Agricultural College collection ; two males and one female, 
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Atherton, Mo., collected by C. F. Adams and in his collection; 
two males, Manhattan, Kans., Aug. 6; three females, one col- 
lected at Manhattan, Kans., Aug. 26 (R. H. Painter), and one 
at McAllister, Kans., Aug. 16 (D. A. Wilbur) and one at Dickin- 
son, Texas, June (F. M. Hull). 

This species is named in honor of Mr. F. M. Hull, who 
collected the specimens in Mississippi, and with whom the 
author has spent many interesting hours collecting and study- 
ing Diptera. This species which apparently is not rare in the 
lower Mississippi Valley, is sometimes found in collections 
under the name of E. dodrans 0. S. E. hulli differs from that 
species in having the brown of the wing extending into cell 
second M 2 , and a different distribution of pile and tomentum. 
This species differs also from E. titubans O. S. in the distribution 
in the brown on the wings and of the pile and tomentum. 

A female taken at Maloa Farm, near Olanchito, Honduras, 
June 24, belongs to this species, and as it shows no greater 
variation than is found among the Mississippi Valley specimens, 
it is also designated as a paratype. In this species the tomen- 
tum of the thorax varies from largely yellowish brown to 
mostly black; the width of the black band on segment two 
varies as does the amount of black tomentum on segment 
three; the width of the opening of cell R 5 is variable but in no 
case is it completely closed. 


Genus Villa Lioy. 

Under this genus may be placed those species that have been 
described or classified in the genera or subgenera Villa, Ilemi- 
penthes, Thyridanthrax, Chrysanthrax, and Isopenthes, retaining 
some of these for the present only as subgenera, at least as far 
as North American species are concerned. If these are raised 
to generic rank, their characters will have to be redefined or 
limited and many new “genera” described. To use these in a 
wide sense as genera with the characters as at present defined 
by Bezzi (2) would often result in separating closely related 
species and in uniting unrelated ones. A few examples may 
be given by way of illustration. Isopenthes, founded by Osten 
Sacken in 188B, was separated from Anthrax (auctt.) by the 
presence of “three submarginal cells.” Specimens of a typical 
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species, V. jaennickeana O. S., in the author’s collection have 
three submarginal cells in both wings; two in one wing and 
three in the other; and two in both wings. As pointed out by 
Osten Sacken, V. jaennickeana O. S. is very like V. sinuosa. 
It appears to be only a variety of the latter species: the occur- 
rence of three submarginal cells in this group is not even of 
varietal significance. Thyridanthrax was founded at the same 
time as Isopenthes to receive species with smooth front tibia, 
rounded but protruding face, short conical third antennal seg- 
ments, and fenestrate wings. Thus defined, V. miscella Coq. 
would be excluded. Although agreeing in other characters, it 
has the front tibia with spines and the clear spots in the darker 
parts of the wing evanescent. Bezzi has recently admitted to 
this genus species with a different wing pattern or none at all. 
The remaining characters of the face and antennae are identical 
with those found in Chrysanthrax . A superficial examination 
of the genetalia of species of Villa shows a number of diverse 
forms and several groups of species, but sometimes no cor- 
relation with the characters previously used. The presence of 
spines on the front tibia is often used to separate these genera. 
The author possesses numerous specimens of a species in which 
the females possess these spines, while the males lack them. It 
appears, therefore, that the species involved should be placed 
under a single large genus untill the smaller units can be more 
closely defined and others added. The subgeneric status of the 
various species will be discussed below. 

8. Villa (Chrysanthrax) astarte (Wied) (9; p 637) (10; p. 279). 

Eight specimens of this species were taken April 9 and 18, 
along the higher places on a path through the swamp north of 
Puerto Castilla. This species very closely resembles V. cypris 
(Meig.) ( = Anthrax fulvohirta Wied.), the type of the subgenus. 
It differs from cypris, especially in the presence of the wide 
black stripe in the center of the abdomen. The fulvous tomen- 
tum is more reddish. In the male the margins of the ninth 
sternite are truncate on each side of the central notch. In 
cypris they are more rounded. 
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9. Villa (Chrysanthrax) edititia (Say) (syn. Anthrax impiger Coq.; 

Anthrax sabulosa Coq.). 

Specimens of this species were taken in the sandy areas in 
the swamp back of Puerto Castilla, on April 4 and 9, May 2 
and 11, and near Truxillo, Honduras, April 11. In body 
characters, this species is a Chrysanthrax. The genetalia are 
almost exactly like V. cypris (Meig.), the wings alone differing 
from the subgeneric diagnosis. V. sabulosa Coq. is a synonym, 
differing from impiger only in the color of the scutellum, in 
this species a very variable character. The types of the two 
species have been examined by the author. In both cases the 
tomentum on the scutellum is entirely yellow. In regard to 
specific diagnosis, Osten Sacken’s (6; p. 119) redescription, 
which is the earliest, may be followed. Coquillett’s description 
(5; p. 175) applies to a different species. Say’s description will 
fit either species fairly well, but applies a little better to the one 
which Osten Sacken had. 

10. Villa paradoxa (Jaen.) (Fig. 5). 

This species was one of the commonest Bombyliids taken 
near Puerto Castilla. Two females were collected on April 4, 
and two on May 1; twenty-two males, April 4, (i, 7, 9, 20, and 
May 2 and 19. The species was found with V. astarte, V. 
edititia and Exoprosopa castilla, along the sandy trails and 
dunes in the dryer part of the swamp north of Puerto Castilla. 
The species has the body and tomentose characters similar to 
Chrysanthrax. The genetalia, however, are very different, as 
are the wing venation and coloration. In these characters, 
V. paradoxa is similar to V. mira Coq. The specimen which 
Osten Sacken described from Texas in Biologia belongs to this 
latter species, but it is not certain whether the specimens which 
Williston described in the supplement (10) are the same as 
described here. The Honduras specimens agree well with 
Jaennicke’s description and figure of the wing. The coloration 
of the wings in these specimens shows considerable variation 
and the stumps of veins mentioned in the description may or 
may not be present. In one wing of a single specimen, one of 
these stumps forms a crossvein in the same position and “three 
submarginal cells” as found in Dipalta. If, as seems probable, 
this character is unstable, V. mira and V. paradoxa should 
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perhaps be placed in this genus. The two species may be 
separated as follows: 


V. paradoxa. 

1. Ground color of body dull black. 


2. Pile and tomentum mostly faded 
yellow. 

3. A little black tomentum on center 
of 4th abdominal segment. 

4. A fuscous margin along the 
S-shaped part of vein R 2+3 (Fig. 5). 

5. Front coxae largely yellow pilose. 


V. mira. 

1. Ground color of face and most of 
abdomen and legs orange red. 

2. Pile and tomentum mostly red- 
dish orange. 

3. Black tomentum usually present 
on bases of 2nd, 3rd, and 4th 
abdominal segments and a median 
streak on these segments. 

4. Last third of R 2 +8 largely or 
wholly margined with hyaline. 

5. Front coxae largely black pilose. 


The ground color of the face and legs of V. paradoxa is 
darker in the male than in the female. The males of both 
species seem more plentiful than the females. 


11. Villa (Hemipenthes) orbitalis (Will.). 

A single male which probably belongs to this species was 
taken among the pines on the mountains near Maloa Farm and 
Olanchito, Honduras, June 21. It does not differ greatly from 
specimens of this species taken in Mississippi, Missouri, or 
Texas. The description in Biologia (10) refers to the female 
instead of to the male as stated there. Major E. E. Austen 
of the British Museum has kindly confirmed this point for me 
by an examination of the type. The description of the male 
is as follows: 

Male . — Ground color of body is shining black; around oral opening 
slightly whitish. Pile and tomentum black; tomentum on occiput 
whitish, pile on anterior part of thorax and on occiput yellowish, on 
sides of first segment of abdomen yellowish brown tomentum, on sides 
of last three segments white, a small patch of yellow tomentum on the 
sides of segment 5. Small spines on front tibia. Wings as in the female, 
with basal half black, the line of division running almost straight from 
the apex of subcosta to apex of second anal vein. 

Androtype. — Male, Clarksdale, Miss., Aug. 6, 1926. 

Paratypes. — Male, Puerto Castilla, Honduras, June 21; one 
each from Austin, Texas, June 26; Brady, Texas, July 25; 
Kingsville, Texas, June 6 (F. M. Hull); Mason, Texas, Aug. 26; 
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Brownwood, Texas, Sept. 10; Sikeston, Mo., Aug. 8; and four 
specimens from Clarksdale, Miss., Aug. 6. In the specimen 
from Honduras, the tomentum of the face is largely yellowish. 
The black tomentum in the center of the last three segments 
also varies in amount. Sometimes this is entirely lacking on 
the last segment. 

The female differs from the male in having considerable 
white pile on the pleura? and white tomentum on the face and 
first ventral abdominal segment. The male of this species 
differs from the descripiton of the male of V. curta (Lw.) in 
several particulars, but especially in that orbitalis lacks the 
white tomentum on the first two ventral segments. The wing 
pattern is also different. V. celer Wied. differs from both these 
species in the presence of a yellow tomentose triangle in front 
of the scutellum in both sexes. 

Genus Poecilanthrax Osten Sacken. 

12. Poecilanthrax lucifer (Fab ). 

A male and a female of this species were taken May 11 and 
April 4, near Puerto Castilla. In addition to the characters 
given by Cole (3) and Osten Sacken ((>), the genus may be 
separated from its near relatives by the almost complete lack 
of any kind of scales or tomentum on the face or front. 

Genus Phtheria Meigen. 

13. Phtheria aldrichii Johnson. 

Forty specimens of this species were taken near Puerto 
Castilla, April 2, 4 and (i. They were hovering over the white 
sand of the seashore and were collected by sweeping. This 
species, P. coquilletti Johns., cyanoccps Johns., and amplicella 
Coq. differ from most of the other species in the genus in the 
shape and size of the discal cell, the last segment of Cu t being 
about half as long as the preceding segment. The exact length 
of the last segment seems variable in P. aldrichii. In a cotype 
(Idaho) supplied by Dr. C. W. Johnson, the last segment is 
about half the length of the median crossvein ; in the Honduras 
specimens it is about equal to the crossvein, while some Texas 
specimens are intermediate. 
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14. Phtheria badia Coq. 

In 1904, Coquillett described the male from Brownsville, 
Texas. In the author’s collection there are males from San 
Saba and Austin, Texas, and females from San Saba, Austin, 
and Victoria, Texas. A female taken at Puerto Castilla, 
Honduras, June 0, is identical with the Texas specimens. As 
there is no record of the female being taken before, the descrip- 
tion follows : 

Female . — Like male but with only one blackish-brown spot on upper 
part of cheek; faint golden-brown stripe in center of front; occiput in 
center yellow brown ; thorax light-brown with two yellow vitt£e extending 
nearly to the scutellum; on pleurae light-brown; a lighter brown patch 
in front of scutellum interrupting the yellow vitta\ and a similar patch 
in center of scutellum. 

Gynetype. Female, San Saba, Texas, Aug. 25. 

Paratypes . — One each from San Saba, Texas, Aug. 25; 
Austin, Texas, Sept. 23; Victoria, Texas, June 25; and Puerto 
Castilla, Honduras, June (i. 

I have compared the males in my collection with the type 
and they are identical. The spots on the face vary from brown 
to black. The center of the scutellum and of the abdominal 
segments are light brown in both the male and female, thus 
darker than the surrounding parts. The specimens from San 
Saba, Texas, Aug. 25, were taken on sunflowers. 


Genus Lepidophora Westwood. 

15. Lepidophora acroleuca n sp. 

Male . — Ground color of body opaque, dark grayish black, sides of 
thorax lighter; clothed with black and white scales and hairs; antenme 
black, the long scales on the third antennal joint exceeding only slightly 
the tip of that joint; scales of abdomen black, with a small patch of 
white scales on the sides of segments 1 , 2, 3 and A ; the remaining seg- 
ments, especially the last, clothed with long, bushy scales, making the 
abdomen appear clavate; legs black; wings black; opaque, lighter 
toward the hind border and with tips milky-white. Length, 17 mm. 
(measuring curve formed by body and including the antennae); wing, 
each, 11 mm. 

Head, proboscis, and antennae black; proboscis about equal to first 
two joints of antennae, black, hairy on the sides; sides of oral cavity 
and beneath the head clothed with sparse black hair; face and front 
with long black scales, a small patch of white scales on the orbits about 
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midway down the face; antenna) heavily clothed with black scales, 
scales on the third joint only in a row along the outer side, extending 
from base to apex, but more numerous and longer at the base, these 
scales scarcely exceeding the length of the third joint; scales of the 
occiput long, mostly white and interspersed with stout black spines and 
hairs. 

Prothorax large, clothed with black and white curly hairs and scales 
and with a row of black spines along the front and sides; mesothorax 
grayish black, lighter on the sides; dorsum clothed with short, black 
hair, black and white tomentum, the former especially in the center, 
black spines along the sides; sides of the thorax, venter, and coxae with 
long black and white hairs; scutellum thickly clothed with black scales 
and long hairs and spines, a few white scales on the sides at the base. 

Abdomen entirely clothed with black scales except for small white 
patches on the sides of the segments 1, 2, 3 and 4, a few long white hairs, 
along the base of the first segment, and some long black ones along the 
sides of the abdomen; last four segments of the abdomen thickly clothed 
on the sides with long black scales. 

Legs black, clothed with black scales. Wings black, lighter along 
the posterior border; veins black except at the tip; the tips of cells 
Ri and R3 beyond the base of R 4 , and all of R 4 opaque, milky white; 
the veins in this area and bounding it light yellow; costa dentate, cells 
on the anterior third of the wings clothed above and below with scattered 
black scales; squamal fringe of long gray and black hairs; halteres white 
with somewhat darker stalk, clothed with white scales. 

Ilolotype . — Male, from Puerto Castilla, Honduras, collected 
by the author April 20, 1920. The specimen was resting on an 
iron telephone post in the sun, near Empalme Junction. This 
species differs from the others in the genus by the milk-white 
tip of the wing, the distribution of the length of the scales on 
the third antennal joint, and the distribution of the white 
scales on the abdomen. 


Genus Geron Meigen. 

16. Geron sp. 

Six males and one female belonging to a new species which 
will be described in a paper on this group which the author 
has in preparation. 
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EXPLANATION OF PLATE. 


Fig. 1. 
Fig. 2. 
Fig. 3. 
Fig. 4. 
Fig. 5. 
Fig. 6. 
Fig. 7. 


Exoprosopa hulli n. sp. Lateral view of head of allotype female. 
Exoprosopa castilla n. sp. Lateral view of head of type male. 

E. hulli. Dorsal view of antenna of allotype female. 

E. castilla. Dorsal view of antenna of type male. 

Villa paradoxa ( J aen . ) . W ing . 

E. castilla. Wing. 

E. hulli. Wing. 





WAX SECRETION IN THE RHIZOBHNI.* 


Stanley E. Flanders, 

Citrus Experiment Station, Riverside, California. 


When Lindorus lophanthce (Blaisdell) and Rhizobius ventralis 
(Er.) are reared in the laboratory they produce wax at every 
stage of their life cycle subsequent to the first larval instar. 

The amount of wax secreted during the feeding period is 
only sufficient to give the larva a powdery appearance. After 
the larva has finished feeding and is in the prepupal stage the 
amount of wax is greatly increased. Rhizobius is then com- 
pletely covered with a mass of cottony wax. The fine long 
filaments of wax give it the appearance of having been attacked 
by mold. The dorsum of 'Lindorus is covered with tufts of 
wax but is not completely hidden. The outer row of six 
longitudinal rows of wax glands produces wax most abundantly. 

The pupae of Rhizobius is surrounded by the white filaments 
of the last larval instar and its olive colored integument is 
smooth. It secretes only a few wax filaments. The pupa of 
Lindorus is light yellow and is covered with glandular hairs 
which consist of short hairs about .09 mm. in length mixed with 
similar ones twice as long. Several hours after pupation a 
drop of clear liquid appears at the tip of each hair. These 
drops remain on the hairs long after the pupal skin is dis- 
carded. They do not evaporate even when the atmospheric 
humidity is below 30 per cent and the liquid does not mix with 
water. It is soluble in alcohol, however, and when this evap- 
orates a waxy residue remains. 

On the second or third day after the adult Lindorus has 
emerged the entire dorsum takes on a dusty appearance due to 
the secretion of particles of white wax. The same phenomenon 
occurs on the adult Rhizobius three to six days after emergence. 
This secretion of wax is limited to the young adults. The 
ease with which the wax is rubbed off tends to preclude its 
remaining on specimens living under field conditions. 


♦Paper No. 216, University of California, Graduate School of Tropical Agri- 
culture and Citrus Experiment Station, Riverside, California. 
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Wax Secretion in the Rhizobuni 
Stanley E. Flanders 


Plate I 



Rhtzobius vent rah \ Ltndorus Jopanlhas 

Fig 1, larva; 2, pupa; 3, adu’t Fig 4, larva; pupa; 6, adult 
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A NEW KEY TO PARACALOCORIS WITH DESCRIPTIONS 
OF EIGHT NEW SPECIES (HEMIPTERA, MIRIDAJ).* 

Harry H. Knight, 

Ames, Iowa. 

In a previous paper (Ann. Ent. Soc. Am., xix, 1926, pp. 
367-377) the writer gave a key for eighteen known Nearctic 
species of Paracalocoris Distant, also keys to the color varieties 
of P. externus H. S., scrupeus Say, and hawleyi Kngt. These 
keys to the color varieties are not repeated in the present 
article. Since the appearance of the above mentioned paper I 
have been able to recognize eight more new species and four 
new varieties, all of which are described in the present paper. 
Two varieties described by Mr. McAtee are now raised to the 
rank of species, namely, Paracalocoris pallidulus McA. and P. 
castus McA. To the latter species belong the varieties colonus 
McA. and amiculus McA. I have also included a redescription 
and notes on the type of Paracalocoris adustus McAtee. 

Paracalocoris jurgiosus (Stal) is not recognized from the 
United States, and so far as the present material indicates, the 
species is actually known only from Mexico (Stal, 1862) and 
Guatemala (Distant, 1883). A new key is now presented for 
the separation of 28 species, all recognized from within the 
borders of the United States except jurgiosus Stal. 

Paracalocoris celtidis n. sp. 

Allied to colon Say and gleditsice Kngt., but easily distin- 
guished by the longer rostrum and different color aspect. 

d\ Length 5.7 mm., - width 2.6 mm. Head: width 1.14 mm., 
vertex .56 mm.; brown with pale above, area bordering dorsal margin 
of eye, spot above base of antenna, and mark on median line of frons, 
pale; tylus and juga black, spot at dorsal angle and line along ventral 
margin of juga, extreme tip of tylus and spot on each side opposite 
tip of lora, white; lora brownish black, lower margin and extending in 
a broad stripe across gena to collar, white; also a white spot behind 
eye, thus leaving a black stripe extending back from lower margin of 
eye; bucculae chiefly white, gula black. Rostrum, length 2.7 mm., 

•Contribution from the Department of Zoology and Entomology, Iowa State 
College, Ames. 
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extending behind coxae to fifth ventral segment, pale to yellowish, last 
two segments black. Antennae: segment I, length 1 mm., dark brown 
to black, irrorate with several white glabrous spots, set with several 
erect black setae which in length only slightly exceed thickness of 
segment, also clothed with shorter and more recumbent black hairs; 
II, 2.25 mm., black, with pale annulus at middle; III, .91 mm., fuscous 
to black, pale at base; IV, .95 mm., black, narrowly pale at base. Pro- 
notum: length 1.3 mm., width at base 2 mm.; disk dark brown to 
black, spotted with pale, calli and surrounding discal spots pale to 
yellowish brown, between calli and extending back along median line 
to base of disk, white, the pale color on basal half apparently produced 
by the joining of several white spots; narrow basal margin of disk 
white, collar brown, irrorate with white spots; propleura brown, blackish 
anterior to coxal cleft, marked with three white lines which are parallel 
to margin of pronotal disk, the third or ventral white line passing through 
middle of propleura. Scutellum brown with pale, the pale color due to 
several spots which are more or less confluent; median line pale except 
apex but it is joined by so many spots that the line effect is largely 
obscured; mesoscutum black, pale each side of middle but not on the 
declivent sides. 

Hemelytra black, in part brownish black, irrorate with pale spots, 
these more prominent along radial vein and near apex of embolium. 
Cuneus largely white, due to the numerous and confluent white spots; 
apex and inner basal angles (paracuneus) , black. Membrane dark 
fuscous or blackish, disk of larger areole, apical half of membrane 
except large spot bordering apex of larger areole, and spot at middle of 
outer margin, pale; veins white at apex of larger areole. Meso- and 
metathorax black, episterna with a white line, this skips the epimeron 
but appears bordering dorsal margin of ostiolar peritreme, the latter 
fuscous with mesal angle paler. 

Legs pale and marked with brownish black, distal half of femora 
with blackish ground color which is cut into reticulations by the numer- 
ous white spots; hind femora with one much larger white spot on middle 
of dorsal aspect; tibiae with apex, band at middle, and a broader band 
at base, brownish black, the latter somewhat broken by white spots; 
tarsi pale, apices black. Venter brownish black and varied with white 
and yellowish marks; sides more black, with three rows of obliquely 
placed, yellow dash marks. Genital claspers characteristic of the 
genus, hence not readily used for specific distinctions. 

Dorsum clothed with recumbent, pale to golden yellow, sericeous 
pubescence, and intermixed with less prominent, simple fuscous hairs; 
femora with several prominent, bristle-like white hairs much as in 
gleditsioe ; tibiae with several pale, setose hairs which may exceed length 
of the true spines, but the latter much thicker, brown in color and should 
not be easily confused. 

9 . Length G'mm., width 2.0 mm. Head: width 1.14 mm., vertex 
.50 mm. Antennae: segment I, length 1.04 mm.; II, 2.03 mm.; Ill, 
.95 mm.; IV, 1.29 mm. Pronotum: length 1.34 mm., width at base 
2.12 mm. Slightly more robust than the male, but very similar in 
pubescence and coloration. 
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Holotype: d 1 June 29, 1929, Ames, Iowa (H. H. Knight); 
Iowa State College collection. Allotype: taken with the type. 
Paratypes: 145 <? 9 , taken with the types on hackberry trees 
( Celtis occidentals L) on the Curtis farm south of the College 
grounds. 15 d” 9 June 25, 143 cf 9 July 8, 1929, Ames, 
Iowa (H. H. Knight), taken on hackberry where the species 
was breeding. 

To the writer, the discovery of this species was very remark- 
able and wholly unexpected. For a good many years, in fact 
since 1914 when I first began to collect Miridae by systematic- 
ally working each and every species of plant that I found, I 
have sought to find some species of Miridae breeding on hack- 
berry. In New York and Minnesota I was unsuccessful, and 
not until 1929 did I find the present species in Iowa, although 
on different occasions I had swept this tree for insects. How- 
ever, collecting insects in Iowa was remarkably poor during 
1926 and 1927, and not until the season of 1929 did the insects 
come back to normal abundance. In some future paper I 
hope to record more fully my observations on the scarcity of 
insects during the years mentioned, and point out some possible 
causes of the condition. 

In the large series of celtidis listed above all specimens are 
very uniform in coloration, there being no indication of color 
varieties such as we find in externus H. S. and scrupeus Say. 

Paracalocoris trivittis n n 

A new name to replace Paracalocoris trivittatus Knight 
(Ann. Ent. Soc. Am., xix, 1926, p. 371), which is preoccupied 
by Paracalocoris ? trivittatus Reuter (Ofversight af Finska 
Vetenskaps Societetens Forhandlingar, LV, 1913, Afd. A. No. 
18, p. 4), a doubtful species in this genus described from Peru. 

The writer has found and herewith acknowledges creating 
his first homonym, and we hope the last one. This error was 
due to operating without first making a complete catalogue of 
known species in the family Miridae, a condition we believe is 
largely corrected at the present time. 

Paracalocoris evonymi n sp 

Allied to trivittis Kngt. and salicis Kngt., but differs as 
shown in the key. First antennal segment pale and with 
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reticulate brown marks and spots, pronotal disk with pale 
median line only, metaepisternum uniformly blackish, and 
venter without distinct pale marks on sides. 

d\ Length 0.1 mm., width 2.7 mm. Head: width 1.13 mm., 
vertex .54 mm. ; dark brown, dorsal aspect much paler, tylus with three 
spots on base, one each side opposite tip of lora, and extreme apex, pale; 
spot at base of antenna above, dorsal margin of juga and mark near 
ventral margin, tip of lora, ventral half of bucculac, spot on gena, and 
gula largely, pale. Rostrum, length 2.25 mm., reaching to middle of 
hind coxae, pale, apex black. Antennae: segment I, length 1.25 mm., 
pale, with reticulate marks and spots brown, rather thickly clothed with 
half erect black hairs, with five or six longer setae; II, 2.25 mm., extreme 
base black, bordered by a pale annulus, then yellowish brown to middle, 
where a slightly paler annulus separates the black on apical half; III, 
.97 mm., pale, distal half black; IV, 1.12 mm., blackish, paler at base. 

Pronotum: length 1.38 mm., width at base 2.12 mm.; dark brown, 
disk with a few pale spots, median line pale although it may be obsolete 
near basal margin, basal edge pale; discal spots opaque black, inner 
and outer margins bordered by pale, but not produced backward into 
rays as in trivittis; spots on collar above and lateral margin of disk 
delimited by a pale line; propleura brown, a small white line passing 
across lower half of coxal cleft. Sternum and pleura blackish, basalar 
plate pale, usually a pale mark on side of sternum, but without a trace 
on metaepisternum; ostiolar peritreme fuscous, paler on mesal angle. 
Scutellum dark brown, median line slenderly pale, small spot near each 
basal angle and a few even smaller dots near middle and apex, pale; in 
paler specimens the brown largely blended with pale so the median line 
becomes obsolete. 

Hemelytra dark brown to blackish, inner half of clavus bordering 
scutellum more distinctly black, corium with a few obsolete pale spots, 
radial vein pale on basal half. Cuneus dark brown, outer edge and 
across middle largely pale, the pale on discal area appearing more as 
spots. Membrane dark fuscous to blackish, a rather large spot on 
margin behind apex of cuneus and a smaller one on middle of larger 
areole, pale; vein about apex of larger areole pale. Legs pale, base of 
coxae more or less fuscous, apical half of femora spotted or reticulate 
with brown marks, the brown on apical third of hind femora dark enough 
to display a few pale irrorations; tibia' with two brown bands, the 
apices scarcely darkened, hind pair with distinct brown spines and a few 
short hairs that do not attain the length of the spines; tarsi pale, apices 
blackish. Venter dark brown, more blackish at sides, ventral surface 
pale on basal half; sides rather uniformly brownish black except on 
second, or first visible segment, where two more or less obsolete pale 
marks occur. 

Dorsum clothed with yellowish to golden, recumbent sericeous 
pubescence, and intermixed with a few obscure simple hairs. 

9. Length 5.8 mm., width 2.S mm Head: width 1.10 mm., 
vertex .56 mm. Antennae: segment I, length 1.21 mm.; II, 2.2 mm.; 
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III, 1 mm.; IV, 1.12 mm. Pronotum: length 1.35 mm., width at base 
2.16 mm. Slightly more robust than the male, but very similar in 
pubescence and coloration. 

Holotype: d” July 1, 1929, Ames, Iowa (H. H. Knight); 
Iowa State College collection. Allotype: taken with the type. 
Paratypes: 45 c? 9 , taken with the types on Waahoo or spindle 
tree ( Evonymus atropurpureus Jacq.) where the species was 
breeding. 27 d” 9 July 12, 130 <? 9 July 13, 1927, 30 <? 9 
July 11, 1928, 45 c? 9 July 11, 1929, Ames, Iowa (H. H. Knight), 
all taken on the same group of Waahoo bushes in the valley just 
north of the College cemetery. This interesting shrub is doubt- 
less the only host plant used by the bug. The writer also has a 
single male specimen taken August 13, 1916, near Otto, Cat- 
taragus County, (H. H. Knight), taken in sweeping and doubt- 
less far from its host plant as no additional specimens could be 
found. I have always considered this specimen as distinct but 
hesitated to describe it from an isolated specimen. Another 
odd specimen should be recorded, 9, June 21, 1918, Mercer 
County, Ohio (R. F. Hussey). 

In the large series at hand this species shows no tendency to 
color varieties such as we have in scrupeus Say, externus H. S. 
and sever ini Kngt. 


Paracalocoris albifacies n. sp. 

Runs in my key to the section having first antennal seg- 
ment equal to or greater than width of head, but easily dis- 
tinguished from other species by the chiefly white color and 
black pubescence. 

9. Length 6.5 mm., width 2.86 mm. Head: width 1.23 mm., 
vertex .63 mm., uniformly yellow, frons paler, pubescence pale except 
on vertex where it is black;*eyes yellow behind but with black spot on 
dorsal half, facets black. Rostrum, length 2.25 mm., reaching to near 
middle of hind coxa; by measurement, yellow, apex black. Antennae: 
segment I, length 1.25 mm., pale whitish, slightly infuscated at base, 
clothed with short black hairs, also with a few more erect black setose 
hairs, but length of these not equal to thickness of segment; II, 2.73 mm., 
pale to yellowish, gradually becoming brown on apical half, clothed 
with short black pubescence, also with a few short, erect, fine pale 
hairs; III, 1.17 mm., brown, pale at base; IV, .96 mm., reddish brown, 
narrowly pale at base. Pronotum : length 1.49 mm., width at base 
2.34 mm.; yellowish to white, more yellow on basal margins of calli, a 
fuscous mark near anterior angles of disk, beginning in the collar con- 
striction and extending back to outer front margin of callus; discal 
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spots opaque black, rather small for size of specimen; basal submargin 
of disk with obsolete brownish reticulations apparent; propleura uni- 
formly white. Scutellum uniformly white, finely pale pubescent; 
mesonotum yellowish, black along the dorsal edge of the declivent 
lateral area. 

Hemelytra white, opaque, apex of cuneus black, apical area of 
corium with dark brown cloud, largely broken by white irrorations, 
middle of clavus with paler brown and likewise broken by pale spots. 
Membrane dark brown to blackish, anal area, bordering apex of cuneus, 
and apical area of membrane more blackish, veins white. 

Dorsum clothed with short, appressed, in part sericeous, black 
pubescence, intermixed with some pale to yellowish pubescence on 
the white areas of hemelytra; scutellum with pale pubescence only; 
venter and basal half of femora with white pubescence. 

Ventral surface white to yellowish, a fuscous dot on episternum 
of mesothorax, the small sclerite at base of wing joint also black Legs 
white, tarsi black; apical half of femora and tibiae with short stiff black 
hairs, femora with several spine-like hairs that are nearly as heavy as 
spines on tibia?; hind femora with a small irregular brown mark on 
antero-ventral margin near apex. 

Ilolotype: $ October 11, 1928, Santa Cruz Co., Arizona 
(A. A. Nichol) : author’s collection. 

This species is so entirely different in aspect from other 
known species that it may be safely described from the unique 
female. Mr. Nichol sends no remarks about this capture. 

Paracalocoris johnstoni n. sp. 

Allied to limbus McA. but differs in the longer first antennal 
segment and in the uniformly silvery white pubescence; general 
coloration black with red, the pattern very suggestive of 
severini var. nigriclavus Kngt. 

d\ Length 7.1 mm., width 2.9 mm. Head: width 1.18 mm., 
vertex .54 mm. ; red, tylus blackish, frons slightly infuscated. Rostrum, 
length 2.47 mm., reaching to near middle of hind coxa?, blackish. 
Antenna?: segment I, length 1.04 mm., black, thickly clothed with 
black hairs, beset with a few more erect black setae; II, 2.82 mm., black, 
thickly clothed with short black pubescence; III, 1.16 mm., black, 
narrowly pale at base; IV, 1 .08 mm., pale to slightly dusky. Pronotum: 
length 1.52 mm., width at base 2.3 mm.; red, posterior half of disk 
black except median line and slender basal margin; discal spots rather 
large, velvety black. Scutellum red, sometimes becoming blackish; 
mesoscutum red, becoming blackish on middle. 

Hemelytra bjack, cuneus and embolium uniformly red, the corium 
exterior to radial vein usually red. Membrane and veins uniformly 
black. Ventral surface red, genital claspers and ventral surface of 
genital segment blackish. Legs uniformly black, however with reddish 
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tinge apparent through the black, coxae reddish to blackish. Hind 
tibiae with spines prominent, pubescent hairs short, recumbent, not at all 
obscuring the spines. Dorsum rather thickly clothed with recumbent, in 
part sericeous, silvery white pubescence; ventral surface with white 
pubescence, that on femora pale to dusky. 

9. Length 6.9 mm., width 2.86 mm. Head: width 1.1. 3 mm., 
vertex .52 mm. Antennae: segment I, length 1.68 mm.; II, 2.77 mm.; 
Ill, 1.13 mm.; IV, 1.08 mm. Pronotum: length 1.47 mm., width at 
base 2.21 mm. Slightly more robust than the male, but very similar 
in pubescence and coloration. 

ITolotype: S' April 16, 1929, College Station, Texas (H. G. 
Johnston); author’s collection. Allotype: taken with the type; 
returned to Mr. Johnston. Paratypes: 5 c? 9 April 5, 9 cf 9 
April 17, 5 cT 9 April 24, 1928, 7 cf 9 April 8, 5 d” 9 April 16, 
1929, College Station, Texas (H. G. Johnston). Mr. Johnston 
reports that he has found this species breeding only on Smilax 
sp., and never very abundant. The writer takes pleasure in 
naming this species after Mr. Johnston, a new student of the 
Miridae. , 


Paracalocoris maculosus n. sp. 

Distinguished from allied species by the long second antennal 
segment which in length exceeds the basal width of pronotum ; 
ground color dark brown, dorsum with many small pale marks, 
apical half of corium with small white spots only. 

d*. Length 5 mm., width 2.4 mm. Head: width 1.09 mm., vertex 
.49 mm.; dark brown, gula, broad stripe on gena, buccuke except dorsal 
margin, ventral margin of juga, and spot each side on apical half of 
tylus, white; vertex, frons and marks on basal half of tylus, yellowish, 
frons with six or seven fine, oblique brown lines, a small wedge-shaped 
brown mark each side of vertex with its base against margin of eye. 
Rostrum, length 1.95 mm., nearly attaining posterior margins of hind 
coxae, yellowish to dark brown, apex black. Antennae: segment I, 
length .87 mm., dark reddish brown, with several .small pale spots; 
II, 2.2 mm., black, basal half brownish to black, a narrow pale annulus 
at middle, also a nearly obsolete narrow pale annulus at base; III, 
.87 mm., black, pale at base, also a narrow pale annulus evident at 
middle although usually obsolete; IV, .83 mm., black, narrowly pale 
at base. 

Pronotum: length 1.21 mm., width at base 1.96 mm.; ground color 
dark brown to blackish, collar, anterior margins of calli, arcuate 
parenthesis marks inclosing discal spots and central area of disk, spots 
along median line and four or five at each side, narrow basal margin, 
and three longitudinal lines on propleura, white. Scutellum dark brown, 
median line and two stripes each side, white. Hemelytra dark brown 
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to blackish, clavus with two longitudinal rows of spots, corium with 
short stripe on basal angle, also along basal half of radius, several 
rounded spots on apical half of corium and embolium, narrow edge of 
cuneus and embolium, and spots on disk of cuneus, white or slightly 
yellowish. Membrane dark fuscous to blackish, discal area of larger 
areole, spot at outer margin behind cuneus and extending toward 
middle of membrane, slightly paler; veins blackish, white about distal 
end of larger areole. Ventral surface brown and marked with white, 
venter with obliquely curving arcs of white, genital segment more 
brown and with pale spots on the sides. Legs pale to reddish brown, 
femora with numerous small white spots, hind pair with a rather large 
white patch on dorsal aspect at middle of apical half; hind tibia? with 
two broad pale bands, these separated by brown band at middle, 
apices brownish, front and middle tibia* more evidently triannulate 
with pale and brownish; tarsi brownish, apices blackish. 

Dorsum strongly shining, clothed with fine, short, golden yellow to 
dusky pubescence, venter with pale pubescence 

9. Length 5.2 mm., width 2.(> mm. Head: width 1.12 mm, 
vertex .52 mm. Antenna'.* segment I, length .93 mm.; II, 2.2 mm ; 
III, .(SO mm.; IV, .82 mm. Pronotum: length 1 32 mm , width at base 
2.05 mm. More robust than the male, but very similar in pubescence 
and coloration. 

Holotype: d July 27, 1917, alt. 8500 ft., Mt. Lemon, Santa 
Catalina Mts., Arizona (H. H. Knight); author’s collection. 
Allotype: same data as the type. Paratypes: 20 cf 9 , taken 
with the types. Paratypes: (Hi d 9 July IS, 1917, Gow r dy 
Creek Canyon, near Bonita, Arizona (H. II. Knight), taken on 
a wdiite flowering Ceanothis , and judging by the numbers taken 
the species must have been breeding on that plant. 5 d 9 
June 15, 1924, a 71 9 Sept. 20, 1925, d June 20, 192(5, alt. 5000 ft., 
Santa Rita Mts., Arizona (A. A. Nichol). 4 9 Aug. 1 , 1927, 
Huachuca Mts.; d Aug. 13, 1927, Coconino County, Arizona 
(R. H. Reamer). 

This is the species that in the past, the wTiter as well as 
Mr. McAtee took to be jurgiosus Stab Reasons are given 
above for this change in opinion. 

Paracalocoris parenthesis n sp. 

Allied to maculosus but differs in the larger size and different 
color aspect; hemelytra with purple lake ground color, having 
two pale stripes on clavus and four stripes on the corium. 

c f. Length ‘5.(5 mm., width 2.7 mm. Head: width 1.19 mm., 
vertex .51 mm.; ground color reddish to purple lake beneath, above more 
yellowish, with six or seven transverse or slightly oblique reddish 
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lines each side of frons; apex and marks each side of tylus pale to whitish, 
the pale color invaded by fine reddish reticulations; spot above and 
lower margin of juga, apex and lower margin of lora, and bucculae 
except narrow margin above, white; genae with broad white stripe 
beneath lower margin of eye and extending along ventral margin of 
lora, also a small mark behind eye and the posterior surface of eyes 
white. 

Rostrum, length 2.38 mm., just attaining posterior margins of hind 
coxae, dark reddish, apex more blackish, pale at joints. Antennae: 
segment I, length 1.08 mm., dark reddish brown, with several small, 
largely confluent, pale spots, clothed with short black pubescence; 

II, 2.55 mm., apical half black, basal half brown, a narrow pale band 
at middle (slightly distad of middle) and another placed close to the 
blackish base, clothed with fine, short brownish to black pubescence; 

III, .91 mm., blackish, with pale band at base and middle; IV, .86 mm., 
blackish, narrowly pale at base. 

Pronotum: length 1.46 mm., width at base 2.16 mm ; ground color 
purple lake to dark brownish red, narrow basal margin and continuing 
as a line along dorsal margin of propleura, two lines on propleura of 
which the lower crosses middle of coxal cleft, collar, anterior and basal 
margins of calli, and median line on basal half of disk, white; an arcuate 
or parenthesis mark beginning at anterior margin of each callus and 
curving back to near basal margin of disk, pale to yellowish; with three 
or four pale to yellowish spots each side of median line on middle of 
disk; calli yellowish, with numerous small reticulate reddish marks. 
Scutellum and mesoscutum purple lake, median line, lateral margins, and 
obsolete line between these, pale to yellowish. 

Hemelytra with ground color of purple lake, two longitudinal lines 
on clavus, four such lines on corium of which one follows the radius 
while all are more or less interrupted distally, and narrow embolar 
edge, pale to yellowish; narrow outer margin of cuneus, three or four 
spots on disk, and line separating the blackish paracuneus, pale to 
yellowish. Membrane fuscous to blackish, disk of areoles and small 
mark behind tip of cuneus, slightly paler; veins blackish, with white 
about apical end of larger areole. Ventral surface purple, becoming 
clear red on genital segment, pleura largely pale; venter marked with 
obliquely curving white lines. Legs purple lake to brownish red, 
femora with numerous small white spots, some confluent, a larger white 
patch on dorsal aspect of hind femora near middle of apical half; tibia? 
with two rather broad pale bands, sometimes rather obscure, spines 
black and distinct, pubescence and hairs rather short; tarsi blackish, 
slightly paler at base. 

Dorsum distinctly shining, clothed with fine, recumbent, pale to 
golden yellow pubescence, more prominent on hemelytra, with blackish 
pubescence on cuneus; venter pale pubescent, legs with both pale and 
black hairs. 

9 . Length 5.7 mm., width 2.94 mm. Head: width 1.19 mm., 
vertex .56 mm. Antennae: segment I, length 1.08 mm.; II, 2.42 mm.; 
Ill, .95 mm., basal half nearly white, the brown color very pale; IV, 
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.91 mm. Pronotum: length 1.49 mm. width at base 2.27 mm. More 
robust than the male but very similar in coloration and pubescence. 

Holotype: tf 1 June 20, 1928, alt. 0200 ft., Chiricahua Mts. 
Arizona (A. A. Nichol); author’s collection. Allotype: same 
data as the type. Paratypes: 2 cf 3 9 , taken with the type, 
cf July 3, 1926, alt. 7000ft., Rincon Mts., Arizona (A. A. Nichol). 

Paracalocoris fasciolus n. sp. 

Allied to parenthesis but distinguished as shown in the key; 
hemelytra reddish brown and with pale stripes much as in 
parenthesis but differs otherwise in the longer first antennal 
segment and various color markings. 

$. Length 5.2 mm., width 2.8 mm. Head: width 1.09 mm., 
vertex .54 mm.; yellowish, more white beneath, marked with reddish 
brown lines and reticulations. Rostrum, length 2.16 mm., slightly 
surpassing posterior margins of hind coxa:. Antennae : segment I, 
length 1.1 mm., dark reddish brown to blackish, marked with several 
irregular white spots, clothed with yellowish and black pubescence; 
II, 2.08 mm., black, with a single, very distinct white annulus situated 
at a point .21 mm. short of middle, more brownish than black just 
before the annulus; III, 1.04 mm., black, basal one-third white; IV, 
.86 mm., blackish, narrowly white at base, brownish on middle third. 
Pronotum: length 1.34 mm., width at base 2 08 mm.; yellowish brown 
to reddish brown, more blackish near basal angles; basal margin, median 
line, several large spots on basal half of disk, a large spot laterad of the 
black discal spots, collar, bordering anterior margins of calli, and two 
rather broad stripes on proplcura, white. vScutellum white, tinged with 
yellowish, a rather broad reddish brown stripe each side of median 
line but scarcely attaining either base or apex. Mesoscutum only 
slightly exposed, reddish brown, sides whitish. 

Hemelytra dark reddish brown, two longitudinal stripes on clavus, 
four such stripes on corium and one stripe on embolium, white, each 
of the stripes interrupted at one or two points; cuneus white on middle, 
apex black, inner basal angle and four or five spots in the dark color 
on basal third, whitish. Membrane dark fuscous, large sp^t within 
larger areole, center of membrane and extending in a sinuous line to 
outer margin behind apex of cuneus, pale; veins white, base of brachium 
and anal vein blackish. Ventral surface reddish brown, sternum 
yellowish brown, pleura largely white, venter marked with curving 
white lines much as in jurgiosns. Legs chiefly white and marked with 
reddish brown; basal half of femora more brownish and broken by 
large white spots and marks, distal half white and marked with brown, 
a narrow blackish annulus at middle of apical half; tibke annulate with 
reddish brown, more broadly annulate with white on middle and apex; 
tarsi blackish, brownish on basal half. 
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Dorsum distinctly shining, clothed with fine, recumbent, pale to 
golden yellow, partly sericeous pubescence; venter yellowish pubescent, 
legs pale to brownish hairs, a few stiff black bristles on femora; tibial 
spines blackish, only a few hairs as long as the spines. 

Holotype: 9 September 4, 1925, Santa Rita Mts., Arizona 
(A. A. Nichol); author’s collection. 

Paracalocoris virgulatus n. sp. 

Allied to parenthesis , and having much the same color 
aspect, but differs in the smaller size and relatively shorter 
antennal segments. 

d\ Length 4.3 mm., width 2.2 mm. Head: width 1.04 mm., 
vertex .43 mm.; yellowish to brownish but without distinct marks. 
Rostrum, length 1.73 mm., extending to middle of hind coxae, brownish, 
apex blackish. Antennae: segment I, length .73 mm., brown, with 
pale on dorsal aspect, clothed with short brownish pubescence; II, 
1.66 mm., basal half brown, a narrow pale band set next to the blackish 
base, a distinct white annulus with its basal edge set at middle of seg- 
ment and separating the black on apical half from the brown, clothed 
with fine, short yellowish to dusky pubescence; III, .60 mm., pale, the 
apical two-fifths black; IV, broken. Pronotum: length 1.14 mm., 
width at base 1.75 mm.; discal spots small, color pale yellowish and with 
brown, the pale areas much as in parenthesis but the arcuate marks on 
disk and the median line more broadly pale; propleura with three distinct 
pale lines. Scutellum pale yellowish, with brown stripe each side of 
median line but confluent on apex, also a shorter brown stripe at each 
side on basal half and parallel with lateral margin; the brown stripes 
invaded by and flecked with the pale color. 

Hemelytra longitudinally striped with pale and brown; clavus 
pale, margins and median stripe along claval vein, dark brown; corium 
with four pale stripes, the second incomplete while the two outer stripes 
are confluent apically, the third stripe extending across inner basal 
angle of cuneus; embolium with brown stripe, its outer edge pale; 
cuneus dark reddish brown, narrow outer margin and more or less on 
disk pale, the paracuneus ^brownish black, a pale spot on inner angle. 
Membrane pale fuscous brown, areoles and veins brownish black, 
cubital vein about apex of larger areole white. Ventral surface more 
yellowish than brown, sides of venter distinctly marked with alternating 
arcuate lines of yellow and brown. Legs light brown, irrorate and 
irregularly marked with pale, femora more broadly pale across middle; 
front tibiae alternately biannulate with pale and brown, hind pair with 
a paler band at middle and with an obsolete paler band near apex; 
tarsi brownish, apex black. 

Dorsum distinctly shining, clothed with fine, recumbent, golden 
to yellowish pubescence, the golden pubescence more or less sericeous 
on clavus and corium. 
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Holotype: <f April 26, 1916, Sabino Canyon, Santa Catalina 
Mts., near Tucson, Arizona (J. F. Tucker); author’s collection. 

Paracalocoris virgulatus stigmosus n. var. 

Differs from typical virgulatus as indicated in the key; 
pronotal disk dark brown, with a straight, longitudinal pale 
ray beginning at outer angle of each discal spot, a triangular 
pale spot situated between discal spots, its apex extending half 
way to basal margin of disk; propleura pale or white, a slender 
brown line near dorsal margin and parallel to lateral edge of 
disk, also with a submarginal brown line bordering ventral 
margin. Hemelytra with more brown than virgulatus, corium 
with three incomplete pale stripes and a pale spot at outer 
apical angle. 

9 . Length 4.S mm., width 2.68 mm. Head: width 1.1 mm., 
vertex .49 mm. Rostrum, length 1.8 mm., just attaining posterior 
margins of hind coxa?. Antenna*: segment I, length .84 mm., brown 
and spotted with pale; II, 1.79 mm., basal half brown, with pale band 
next to the dark base and a more distinct white annulus at middle, 
thus separating the brown from the black apical half; III, .77 mm., 
pale, apical two-fifths black; IV, shriveled, black, pale at base. Pro- 
notum: length 1.26 mm., width at base 1.95 mm. 

Type: 9 June 3, 1904, Brownsville, Texas (H. S. Barber); 
author’s collection. Paratype : 9 June 12, 1921, Eastland Co., 
Texas (Grace O. Wiley). 

This form was originally received in exchange as P.jurgiosus 
Stal. 


Paracalocoris limbus otiosus n. var 

Differs from typical livibus McA. in having the embolium 
and outer margin of corium largely blackish; first antennal 
segment reddish brown and with yellowish spots. 

cT. Length 6.0 mm., width 2.6 mm. Head: width 1.14 mm., 
vertex .59 mm. Rostrum, length 2.4 mm., reaching to middle of hind 
coxa?, blackish. Antenna?: segment I, length 1.47 mm., reddish brown 
and with numerous yellowish spots; II, 2.54 mm., black; III, 1 04 mm., 
blackish, pale to dusky on basal half; IV, 1.12 mm., black. Pronotum: 
length 1.38 mm., width at base 2.12 mm. 

Head pale to yellowish and with black, tylus black except lor yellow 
spot each side neaf apex; frons fuscous each side of median line, juga 
largely, buccula?, and gena; yellowish. Dorsum chieflv blackish; collar, 
calli, median line of pronotal disk, slender median line on scutellum, 
basal angle of corium, along radial vein to middle of corium, apex of 
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embolium, and cuneus except apex, pale to reddish yellow. Membrane 
uniformly brownish black, cubital vein pale about apex of larger areole. 
Ventral surface blackish, a white mark across side of epistemum; sides 
of venter with a pale line near dorsal margin and a series of spots just 
beneath it. Femora blackish, rather thickly marked with pale and 
white spots, hind pair with large pale area on middle of dorsal aspect. 
Tibiae brownish black, hind pair with pale band just short of middle 
and a second band near apex; tarsi yellowish, apex black. 

Type: d* July 5, Brookline, Massachusetts (C. W. Johnson) ; 
author’s collection. Paratype: d\ same data as type. 

Paracalocoris limbus suffusus n. var. 

Differs from typical limbus McA. at least in having the 
usual paler areas clouded over with dusky. 

9. Length 6.4 mm., width 2.8 mm. Head: width 1.13 mm., 
vertex .56 mm. Rostrum, length 2.47 mm., nearly attaining posterior 
margins of hind coxae. Antennae: segment I, length 1.47 mm., black, a 
few pale spots evident; II, 2.3S mm., black; III, .99 mm., black, pale 
at base; IV, 1.03 mm., black, pale at base. Pronotum: length 1.43 mm., 
width at base 2.16 mm. 

Color fuscous brown to blackish, the usual paler areas clouded with 
dusky, corium and cuneus with a few small paler points. Scutellum 
dusky, to pale fuscous, slender median line paler. Ventral surface 
dusky to fuscous; venter distinctly paler on ventral surface, also a 
pale lateral line evident near dorsal margin. Legs black, coxae pale 
except on base; femora with series of small white spots; tibiae with pale 
bands obsolete; tarsi dusky, tips blackish. 

Type: 9 July 3, 1926, Beltsville, Maryland (H. H. Knight); 
author’s collection. 

Paracalocoris pallidulus McAtee. 

1916. Paracalocoris hawleyi var. pallidulus McAtee, Ann. Ent. Soc. Am., ix, p. 380. 

For some time I have regarded this species as distinct from 
hawleyi Kngt., chiefly because this particular form was never 
taken on hops with hawleyi, and again because the type and a 
good series of specimens were reared from apple shoots at 
Batavia, N. Y. Recently, upon going over my material to 
work out a new key, a good character for separation was found 
in the first antennal segment which measures consistently 
longer, as compared with width of head, than in specimens of 
hawleyi. The color of pallidulus also differs from any known 
form of hawleyi. 
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In the original description of hawleyi the writer made com- 
parison with colon Say, but the specimens I took to be colon 
Say were later forwarded to Mr. McAtee and he described them 
as pallidulus. This is of interest merely to show that even when 
I described hawleyi I considered pallidulus a distinct species, 
but called it colon Say since it fit the description better than 
any species known to me at that time. 

A mid-western form of pallidulus McA. differs in certain 
respects, perhaps biologically, hence a varietal name is pro- 
posed. 

Paracalocoris pallidulus albigulus n. var. 

Differs from pallidulus McA. in the paler antennae and in 
the pale to whitish gula and genae. 

c?. Length 6 mm., width 2.4 mm. Head: width 1.08 mm., vertex 
.49 mm. Rostrum, length 2.42 mm., nearly attaining posterior margins 
of hind coxae, pale yellowish, apex brownish black. Antennae: segment 

I, length 1.34 mm., pale, with spots and reticulate marks of brown; 

II, 2.29 mm., pale yellowish to light brown, apical half more reddish 
brown; III, .95 mm., pale yellowish, apical half fuscous brown; IV, 
1.21 mm., blackish. Pronotum: length 1.23 mm., width at base 1.9 mm. 

General coloration brown, median line on pronotum and scutellum, 
a ray beginning at outer margin of each discal spot, a short ray near 
each basal angle of scutellum, along radial vein to near middle of corium, 
irregular spots near tip of embolium, discal area of cuneus but invaded 
with brown, and dorsal aspect of the head, pale; gula, genae, and buc- 
culae white, also a mark across middle of juga and a spot each side near 
tip of tylus, pale. Discal spots brown, outer and inner margins pale.. 
Legs pale to brownish, hind femora with more brown but thickly 
irrorate with white; tibia' pale, obsoletely banded with brown. 

9. Length fi.5 mm., width 2.(» mm. Head: width 1.12 mm., 
vertex .52 mm. Antennae: segment I, length 1.51 mm.; II, 2.38 mm.; 

III, 1.08 mm.; IV, 1.34 mm. Pronotum: length 1.34 mm., width at 
base 2 mm. Very similar to the male in coloration and pubescence. 

Ilolotype: d July 20, 1923, Norman County, Minnesota 
(A. A. Nichol); author’s collection. Allotype: same data as 
the type. Paratypes: <? 3 9 June 20, 1922, 9 July 14, 1923, 
Norman County, Minn. (A. A. Nichol). d July 18, d July 19, 
1923, Trail County, North Dakota, (A. A. Nichol). 

Paracalocoris castus McAtee. 

1916. Paracalocoris colon var. castus McAtee, Ann. Ent. Soc. Am., ix, p. 382. 

For some years I have believed this form must represent a 
distinct species, an opinion gained by collecting and observing 
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several hundred specimens, all of which have been found on 
the same host plant, woodbine or Virginia creeper ( Psedera 
quinquefolia L.). At various times it has been possible to 
collect numerous specimens, and for the purpose of studying 
possible variations, I once mounted 225 specimens, taken 
July 14, 1924, St. Paul, Minnesota. This species varies very 
little if any in color pattern, although the intensity of pigment 
varies with the age of specimens when taken. The antennal 
colors are I believe very constant, and the species can always 
be separated from colon Say as shown in the key. 

The varieties colonus McA., and amiculus McA., are color 
forms of this species. The name castus McA., should I believe, 
be selected to represent the species since it has page priority 
over the two other varietal names which refer to this species. 
Unfortunately the name castus was founded on teneral speci- 
mens, but that does not prevent the use of the name for the 
species. The varietal name colonus McA. applies to normally 
colored specimens of the species, but in this case will have little 
use since we do not wish to limit the typical name castus to 
teneral specimens. Varietal name amiculus McA. applies to 
the darker and strongly colored individuals of the species. In 
this species we do not find such remarkable color forms as occur 
in scrupeus Say and externus H. S., for example, hence the 
varietal names have less utility. The writer believes that 
varietal names are useful when applied to species having 
diverse color patterns, but not so useful when proposed for 
intensity of pigmentation alone. Each color pattern has a 
range of intensity of pigmentation, usually becoming deeper 
or darker with age; but the color areas, or pattern outline does 
not change with the individual, once the adult stage has been 
attained.* 

Paracalocoris adustus McAtee. 

1916. Paracalocoris adustus McAtee, Ann. Ent. Soc. Am., ix, p. 377. 

The unique female type is here redescribed, chiefly to record 
the head measurements, characters that are critical for keying 
the species. 

$. Length 8 mm. Head: width 1.14 mm., vertex .54 mm. 
Rostrum, length 2.G mm., nearly attaining posterior margins of hind 
coxae, reddish to fuscous, apex blackish. Antennae: segment I, length 


♦Knight, H. H. Ann. Ent. Soc. Am., XVII, 1924, pp. 268-272. 
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1.60 mm., clothed with recumbent black hairs and intermixed on 
anterior aspect with about fifteen erect black bristles which in length 
do not exceed thickness of segment, uniformly dark red without any 
trace of spots; II, 2.74 mm., more slender on basal half and tapering 
to thicker toward apex, thickly clothed with short blackish pubescence, 
a single erect black bristle near base, color uniformly dark red without 
trace of annuli; “third 1.16 mm.; fourth 1.1 mm.” Pronotum: length 
1.43 mm., width at base 2.12 mm. 

“Color an almost uniform reddish brown, a little lighter on cuneus 
and lower surface and inclining to fuscous on antennae, tibiae and inner 
margin of elytra; membrane dusky. Short pale yellow hairs abundant 
on upper surface, except membrane.” 

The writer has been unable to recognize additional specimens 
that could be referred to this species. The type was collected 
at Lakehurst, New Jersey, June 13, 1908 (Wm. T. Davis) and 
must still be classed among that small but select group of species 
known only from that locality. Hussey (1922) records Para- 
calocoris adustus McA. from Berrien County, Michigan, speci- 
mens that the writer so identified at that time, but one of these 
specimens (July 19) is still at hand and I find it belongs to 
salicis Kngt. The writer is indebted to Mr. Wm. T. Davis for 
the loan of the type adustus for the present study. Mr. Davis 
remarks: “It has traveled much and is now some broken.” 
The legs are gone and the wings except one clavus. The 
first two segments of one antenna are securely glued to the 
collection label, which is fortunate for the present study. 


Key io hie Species ok Paracalocoris. 


1 . 


3. 

4. 


5. 


0 . 


Hind tibiae thickly clothed with long, erect hairs which obscure or 

become confused with the tibial spines scrupeus Say 

Hind tibiae with hairs shorter and more appressed, especially on inner 

side, hairs not easily confused with the true spines 2 

Discal spots of pronotum black or marked with brown or black 3 

Discal spots of pronotum yellowish or orange colored; length of antennal 

segment I distinctly greater than length of pronotum extemus H. S. 

Antennal segment I as long as or longer than pronotum (by micrometer 

measurement) 4 

Antennal segment I shorter than length of pronotum 8 

Antennal segments 1 and II black or brown, but when brown or red, 

segment I with paler si>ots and segment II with paler bands 5 

Antennal segments I and 11 uniformly dark red, without spots or bands; 
coloration everywhere except discal spots and membrane, a lighter or 

darker reddish brown adustus McA. 

Antennal segment I equal to width of head plus dorsal width of an eye, or 

greater. . . . % G 

Antennal segment I not equal to width of head plus dorsal width of an 

eye; length 6-6.5 mm hawleyi Kngt. 

Antennal segment l only equal to width of head plus dorsal width of an 

eye, or slightly greater . . 7 

Antennal segment I equal to width of head plus width of vertex; 
pubescence uniformly silvery white johnstoni n. sp. 
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7. Antennal segment II pale yellowish to brown, sometimes dark brown but 

never black; general coloration brownish and with pale irrorations, 

pallidulufl McA. 

(a) Antennal segment I reddish brown and with pale spots; gula and 

genae dark brown variety pallldulus typical 

(b) Antennal segment I more pale than brown; gula and genae pale, 

variety alblgttlus n. var. 

Antennal segment II uniformly black limbus McA. 

(a) Antennal segment I uniformly black; cuneus, embolium, and corium 

exterior to radial vein, yellowish red variety limbus typical 

(b) Antennal segment I reddish brown and with pale spots; embolium 

and outer apical area of corium more or less blackish, 

variety otiosus n. var. 

(c) Antennal segment I black but with pale spots; cuneus and embolium 

dusky, but with yellowish apparent in hypodermis, 

variety suffusus n. var. 

8. Length of antennal segment I equal to or greater than width of head 9 

Length of antennal segment I not equal to width of head 16 

9. Ground color white, in part tinged with yellow, scutellum immaculate 

white, cuneus white with extreme apex black, tibiae without bands, 

albifscies n. sp. 

Otherwise colored 10 

10. Ground color a medium to dark shade of burnt sienna, marked with pale 

yellowish stripes, the longest stripe bordering radial vein and termi- 
nating at inner angle of cuneus, another one on corium paralleling the 

clavus heidemanni Reut. 

Otherwise colored 11 

11. Scutellum white or yellowish, dark color restricted to a pair of dark 

stripes, one each side of median line 12 

Scutellum dark, usually with pale median line; sometimes largely pale 
but without a pair of distinct dark stripes on a pale ground 13 

12. Dorsum pale to yellowish, the dark color broken by many rounded pale 

spots, thus forming numerous blackish reticulations; venter uniformly 

yellowish marmoratus Uhl. 

Dorsum dark reddish brown, hemelytra with longitudinal pale stripes, 
rounded spots scarcely evident except on pronotal disk; venter 
alternately marked with curving white and dark brown stripes, 

fasciolus n. sp. 

13. Antennal segment II uniformly yellowish brown, or blackish only on 

apical half 14 

Antennal segment II dark brownish black to black, sometimes with 
an obsolete pale band at middle; scutellum w’ith distinct pale median 
line severlni Kngt. 

(a) Hemelytra and pronotum uniformly light reddish, a few lighter 

maculae evident variety severlni typical 

(b) Hemelytra and pronotum light reddish brown, with numerous 

small paler maculae evident variety modestus Kngt. 

(c) Clavus and inner half of corium dark fuscous to blackish, 

variety nigriclavus Kngt. 

14. Pronotum and scutellum not distinctly trivittate; first antennal segment 

pale and marked with brown, or brown and with pale 15 

Pronotum and scutellum distinctly trivittate with pale; first antennal 
segment black, with few if any pale spots trivittis Kngt. 

15. Antennal segment II with apical half black or brownish black; scutellum 

with narrow median pale line, sometimes obscured by brownish 

tinge evonymi n. sp. 

Antennal segment II rather uniformly yellowish brown, in darkest speci- 
mens with blackish only on apex; scutellum with pale color irregularly 
distributed, the brown color largely broken by pale irrorations, 

salicls Kngt. 
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16. 

17. 

18. 

19. 

20 . 

21 . 

22 . 

23. 

24. 

25. 

26. 

27 . 


(8) Ground color white to pale greenish yellow, scutellum uniformly 
white, sometimes invaded by black at middle of base; cuneus pale to 

orange colored deleticus Reut. 

Otherwise colored 17 

Ground color a light burnt sienna, radial vein bordered by a pale yellow 

stripe which terminates at inner angle of cuneus breviatus Kngt. 

Otherwise colored 18 

Venter marked with prominent, obliquely curving white arcs; dorsum 

distinctly shining, clothed with very fine short pubescence 25 

Venter, if marked, having only a few pale dashes near dorsal margin; 

dorsum not distinctly shining, strongly pubescent 19 

Dorsum chiefly light red to madder brown, leaving numerous small 
pale irrorations, embolium pale except apex; antennal segment II 
uniformly blackish, sometimes with pale annulus just before middle, 

nicholi Kngt. 


Otherwise colored 20 

Ground color dark brown, the paler color taking the form of fine lines 
and small dots 22 


Ground color light, sometimes dark brown, but in that case the dorsum 

mottled with several large yellowish patches 21 

Antennal segment II not equal to width of pronotum at base; ground 
color yellowish to greenish, the darker color forming in large cloud-like 

patches on the dorsum floridanus Kngt. 

Length of antennal segment II exceeding width of pronotum at base; 
ground color of the dorsum dark brown, mottled with several large 
yellow patches, one on apical half of scutellum, apex of clavus, middle 
of corium, apex of embolium and outer half of corium, and three areas 

on pronotum multisignatus Reut. 

Antennal segment II with a narrow white annulus near middle which 

separates the black on apical half from the brownish basal half 23 

Antennal segment 1 1 yellowish brown on basal half but without narrow 
white annulus at middle or base castus McA. 


Rostrum extending beyond hind coxae celtidis n. sp. 

Rostrum not extending beyond hind coxae 24 


Antennal segment II dark, with pale annulus only at middle; femora dark 
at base, apical half with one large and several smaller white spots, 

gleditslae Kngt. 

Antennal segment II with pale annulus next to the black base and like- 
wise at middle; femora broadly pale on base and middle colon Say 

(18) Pronotal disk with two pale rays each side of the pale median line; 
corium with two pale rays, confluent apically where the corium is 
transversely pale; cuneus pale with black spot only at inner basal angle 

and at extreme apex jurgiosus Stal 

Otherwise colored 26 


Clavus and corium with longitudinal pale stripes, with but few small 

spots 27 

Clavus and corium with series of small pale spots, corium with short pale 
stripe at basal angle, also along base of radius, out apical half of corium 

with pale spots only maculosus n. sp. 

Antennal segment II, in length, greater than basal width of pronotum; 
pronotal disk with a pair of pale parenthesis marks enclosing the discal 

spots and basal half of disk; length 5.6-6 mm parenthesis n. sp. 

Antennal segment II, in length, not equal to basal width of pronotum, 

>irgulatas n. sp, 

(a) Pronotal disk with arcuate pale mark at each side, enclosing discal 

spots and central area of disk as with {>arenthesis marks, 

k variety virgulatus typical 

(b) Pronotal disk without arcuate marks, the pale marks taking the 

form of straight rays variety stigmosus n. var. 
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THE PLANT QUARANTINE AND CONTROL ADMINISTRA- 
TION. By Gustavus A. Weber. Pages I-X and 1-198. 
Service Monograph of the United States Government, No. 59. 
Published by The Brooldngs Institution, Washington, 1930. 

This is a volume for students of quarantine administration and is a 
companion volume to No. 60, The Bureau of Entomology. Part I, 
History, pp. 1-92, gives a brief history of plant quarantine- in the United 
States and adjacent territories. Part II, Activities, pp. 93-121, covers 
the projects which are being handled at present, while Part III, Organ- 
ization, lists and discusses the work by Divisions. The volume closes 
with six Appendices including laws, a list of official positions with 
salaries, bibliography, financial statement, etc. This appears to be a 
meatier volume than No. 60 and brings together widely scattered data 
that will be of interest to economically minded applied entomologists. 
It is in a way unfortunate that these volumes have had to be written 
from such an impersonal point of view, with no mention of leaders in 
the work. .Some of the ablest men in entomology have been associated 
with this service and have given of their best in these front-line battles. 

c. II. K. 


BLATCHLEYANA, A List of the Published Writings of W. S. 
Blatchlky * * * Together with a Chronology of his 
Life: The Fixation of Types of New Genera and Species 
Described by him, etc. Pages 1-77 with two portraits. Pub- 
lished by The Nature Publishing Co., Indianapolis, 1930. 

The contents of this little volume are indicated by the title. It 
is the type of publication of which students would appreciate more. 
The few lists of this kind usually complied by somebody other than the 
author have been found very useful. After working for days in a 
library compiling the titles of an author, one wishes that he had been as 
thoughtful for posterity as has Doctor Blatchley. The reviewer has 
attempted to solve this problem by sending with reprints to specialists a 
mimeographed list of his writings which gives the specialist a check on 
his card index. He has also had the experience of having worked 
up more complete lists than the author himself had in his records. 
Blatchleyana lists 197 books and articles, 376 new species and varieties 
of Coleoptera, 66 new species of Heteroptera and 29 new species of 
Orthoptera. It is beautifully printed with interesting quotations 
scattered through it from Blatchley’s own writings which frequently 
convey a feeling of the isolation of a research mind in this social world. 
The book is obviously written by Blatchley himself though no author- 
ship is given. — c. h. k. 
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CONSTITUTION. 

(As amended to date, January 1, 1930.) 


Article I. 

NAME. 

Section 1. This organization shall be known as The Entomological Society 
of America. 

Article II. 

OBJECT. 

Section 1 . It shall be the purpose of this Society to promote the science of 
entomology in all its branches, to secure cooperation in all measures tending to 
that end, and to facilitate i>ersonal intercourse between entomologists. 


Article III. 

MEMBERSHIP. 

Section 1. The membership of this Society shall consist of three classes: 
members, fellows and honorary fellows. 

Sec. 2. All persons interested in entomology shall be eligible to membership. 
Sec. 3. Members who have made important contributions to the science of 
entomology may be elected fellows or honorary fellows of the Society. 


Article IV. 

OFFICERS. 

Section 1. The officers o' this Society shall be a President, two Vice- 
Presidents, a Secretary and a Treasurer, but these two last offices may be held 
by the same person. 

Sec. 2. Executive Committee. — The business of the Society not otherwise 
X>rovided for shall be in the hands of an Executive Committee, consisting of the 
Officers named in Section 1, and six additional members, five of whom shall be 
elected from the Fellows of the Society, and the sixth shall be ex-officio the 
Managing Editor. There shall be a meeting of the Executive Committee at each 
Annual Meeting. Four members shall constitute a quorum and in f hc case of the 
non-attendance of this number at any Annual Meeting, the Society shall elect a 
sufficient number from among the Fellows in attendance to complete the quorum. 

Sec. 3. Councillors to the American Association.— Two representatives on 
the Council of the American Association for the Advancement of Science shall be 
elected by ballot at the Annual Meeting for u term of one year, and shall be eligible 
for re-election. In case of the death, resignation, absence or inability to serve of 
cither or both councillors, the vacancy shall be filled by the Executive Com- 
mittee. 
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Article V. 

ELECTIONS. 

Section 1 . Election of Members. — Nominations for membership may be 
made by any two members, and election shall be by the Executive Committee. 

Sec. 2. Election of Fellows. — All nominations for fellows shall be signed by 
three or more fellows and each nomination shall be accompanied by the following 
information concerning the nominee: Name, address, occupation, branches of 
entomology engaged in, positions held involving entomological experience, entomo- 
logical work done, and list of more important publications. Election shall be by 
ballot by the Executive Committee, a majority vote of the Committee being 
necessary for election. 

Sec. 3. Election of Officers.-— All officers shall be elected by ballot at the 
Annual Meeting for the term of one year and shall be eligible for re-election. 

Sec. 4. Election of Honorary Fellows. — Honorary Fellows may be nominated 
by unanmious vote of the members of the Executive Committee present at an 
annual meeting. The nominee shall be voted on by the members by ballot, and 
must receive four-fifths of all ballots cast to be elected. Not more than one 
Honorary Fellow may be elected in three successive annual meetings. 


Article VI. 

MEETINGS. 

Section 1. An annual meeting shall be held in affiliation with the American 
Association for the Advancement of Science, or at such time and place as the 
Executive Committee may select. 


Article VII. 

PUBLICATION. 

Section 1. Publication. — The official publication of the Society shall be 
known as the Annals of the Entomological Society of America. Each volume 
shall consist of four fascicles and the first fascicle of each volume shall contain 
the proceedings of the Annual Meeting. 

Sec. 2. Editorial Board. — The publication shall be under the charge of an 
Editorial Board consisting of ten members, one of whom shall be the Managing 
Editor. The Managing Editor and his associates shall be responsible for the 
selection of material to be published. 

Sec. 2. Election of Editorial Board. — The members of the Editorial Board 
shall be elected by the Executive Committee. Each member of this Board, 
Excepting the Managing Editor, shall serve for three years or until his successsor 
has been elected, three members retiring annually. 

Sec. 4. Report of Managing Editor. — The Managing Editor shall present a 
report at each Annual Meeting to the Executive Committee and the accounts of 
his office shall be reported upon by the Auditing Committee. 


Article VIII. 

THOMAS SAY FOUNDATION. 

Section 1. Name. — There is hereby established a standing committee of 
the Society under the name of “The Thomas Say Foundation. M 

Sec. 2. Purpose.— The purpose of this Foundation is for the publication of 
the works of a monographic or bibliographic character on the insects of North 
America. 

Sec. 3. Publication.— Each publication shall be a volume complete in itself, 
and numbered consecutively. 



Constitution and By-Laws 


Vll 


Sec, 4. Committee. — This committee shall consist of six members, four of 
them to be elected by the Executive Committee of the Society, two of them retiring 
annually, and an Editor and a Treasurer to be designated by the Executive Com- 
mittee. 

Sec. 5. Powers. — This Committee is empowered to determine all matters 
concerning the publication. 

Sec. 6. Funds. — They are also empowered to solicit, hold, invest, and expend 
funds committed to their care; only the interest of any endowment to be available. 

Sec. 7. Responsibility. — The Society shall be in no way responsible for 
debts contracted by this Foundation, unless previously authorized by the Executive 
Committee. 

Sec. 8, Reports. -—The Editor and Treasurer shall present a report of their 
operations and expenditures to the Executive Committee at each Annual Meeting, 
and the accounts of the Treasurer shall be audited by the Auditing Committee of 
the Society. These reports shall be published as a part of the proceedings of the 
Executive Committee of each Annual Meeting. 

Article IX. 

AMENDMENTS. 

Section 1. This constitution may be altered or amended at any annual 
meeting by a two-thirds vote of the members present, a copy of each amendment 
proposed having been presented at the previous annual meeting. 


BY-LAWS. 

1. The annual dues for members and fellows shall be three dollars. 

2. A majority of the members present at an annual meeting shall constitute 
a quorum for the transaction of business. 

3. Notice of all meetings of the society shall be sent to all members at least 
one month in advance. 

4. The Executive Committee shall provide a program for all meetings, 
including at the annual meeting a }>opular lecture and a technical entomological 
exhibit of materials and methods. 

5. The time of the business shall be published prior to the opening session of 
the annual meeting. 

6. Any member may become a life member upon payment of $50.00 at one 
time, and shall be exempt from further assessment. He shall receive during his 
life, one copy of each issue of the Annals. 

7. Members two years in arrears shall be dropped from the rolls by the 
secretary after twenty days notice. 

8. A member elected shall not be in good standing until he pays his first 
years dues. In case he shall not have made such payment at the expiration of 
one year from the date of election, he shall be dropped from the roll by the secretary 
after twenty days notice. 

9. The Annals of the Entomological Society of America will not be mailed 
to any fellow or member whose dues are in arrears. All dues are payable Decem- 
ber 1, and should be received not later than March 1. 
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